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ABSTRACT 


Ten genera of Miocene small mammals from Europe are com¬ 
pared with similar forms, regarded as congeneric by many au¬ 
thors, from North America. These are Lanthanotherium, Ple- 
siosorex, “Trimylus"IHeterosorex, Limnoecus, “ Sciuropterus," 
Pseudotheridomys, Leptodontomys, “Cotimus," Democriceto- 
donlCopemys, and Plesiosminthus. On the basis of morpholog¬ 
ical differences, the European eomyids hitherto assigned to Lep¬ 
todontomys are here separated from this genus and united in the 
new genus Eomyops. For the North American rodents so far 
described as “ Sciuropterus" the new genus Petauristodon is 
introduced. The newly discovered upper dentition of "Cotimus" 
olicae shows that Schaub’s “ Crieetodon heveticus" and related 
forms from Europe, assigned to the American genus “Cotimus" 
(=Leidytnys) by several authors, have nothing to do with this 


genus. The European forms are merged within another genus for 
which the name Eumyarion Thaler, 1966, should be used. The 
European heterosoricine genera Quercysorex, Heterosorex, and 
Dinosore,x are differentiated morphologically from the American 
genera Domnina and Pseudotrimylus . Some small soricids from 
Europe assigned by many authors to the American subfamily 
Limnoecinae are compared with representatives of the genus 
Limnoecus. These comparisons led to the conclusion that at 
present there is no reason to include any European form in this 
American subfamily. 

The discussion attempts to show that in addition to migration 
other possibilities, such as parallelism and persistence of prim¬ 
itive characters over long periods, must be considered to explain 
the close similarities of some forms from both continents. 


ZUSAMMENFASSUNG 


Zehn miozane Kleinsauger-Formen Europas werden mit ahn- 
lichen Formen aus Nordamerika verglichen, mit welchen zusam- 
men sie bisher in die gleiche Gattung gestellt wurden: Lantha¬ 
notherium, Plesiosorex, k 'Trimylus"IHeterosorex, Limnoecus, 
11 Sciuropterus," Pseudotheriodomys, Leptodontomys, “Coti¬ 
mus," DemocricetodonICopemys, Plesiosminthus. Aufgrund 
morphologischer Unterschiede werden die bisher Leptodonto¬ 
mys zugeordneten Eomyiden Europas von diesem Genus abge- 
trennt und im neu geschaffenen Genus Eomyops vereinigt. Fur 
die bisher als “Sciuropterus" beschriebenen Formen Norda- 
merikas wird das neue Genus Petauristodon aufgestellt. Fundc 
der bisher unbekannten Maxillarbezahnung von “Cotimus" al- 
icae haben gezeigt, dass Schaubs “Crieetodon helveticus" und 
verwandte Formen Europas, welche von manchen Autoren dem 
amerikanischen Genus “Cotimus" (=Leidymys ) zugeordnet 
wurden, nichts mit diesem Genus zu tun haben. Sie sind im 


Genus Eumyarion Thaler 1966 zu vereinigen. Die europaischen 
Heterosoricinae-Genera Quercysorex, Heterosorex und Dino- 
sorex werden gegen die amerikanischen Genera Domnina und 
Pseudotrimylus morphologisch abgegrenzt. Die von manchen 
Autoren der amerikanischen Unterfamilie Limnoecinae zugeord¬ 
neten kleinen Soriciden Europas werden mit Vertretern der Gat¬ 
tung Limnoecus verglichen. Dabei zeigt sich, dass gegen wartig 
keine Veranlassung besteht, irgendwelche europaischen Formen 
in diese amerikanische Unterfamilie zue stellen. 

Im allgemeinen Teil wird zu zeigen versucht, dass als Erkla- 
rung fur das Zustandekommen der erstaunlichen Aehnlichkeiten 
von Formen beider Kontinente, neben der Migration auch noch 
mit andern Moglichkeiten wie Parallelentwicklungen und Bei- 
behaltung primitiver Merkmale iiber lange Zeitraume zu rechnen 
ist. 


RESUME 


Dix micromammiferes miocenes d 1 Europe sont compares a 
des formes semblables de TAmerique du Nord qui figuraient 
jusqu’ici dans le meme genre: Lanthanotherium, Plesiosorex, 
“Trimylus"IHeterosorex, Limnoecus, “Sciuropterus," Pseu¬ 
dotheridomys, Leptodontomys, “Cotimus," Democricetodonl 
Copemys, Plesiosminthus. En raison de differences morpholo- 
giques, les eomides d’Europe sont separes du genre Leptodon¬ 
tomys auquel ils avaient ete attribues et sont reunis dans le genre 
Eomyops nouvellement cree. Pur les formes americaines de¬ 
crees auparavant, comme “Sciuropterus " un nouveau genre, 
Petauristodon, est etabli. La decouverte de dents de maxillaires 
de “Cotimus" alicae inconnues jusqu’a present a montre que 
le “Crieetodon helveticus" de Schaub et d’autres formes appar- 
entees d’Europe, attributes par plusieurs auteurs au genre amer- 
icain “Cotimus" (=Leidymys ), n’avaient rien a voir avec ce gen¬ 


re. Ces formes doivent etre reunies dans le genre Eumyarion 
Thaler 1966. Les genres europeens d’heterosoricines, Quercy¬ 
sorex, Heterosorex et Dinosorex sont distingues morphologique- 
ment des genres americains Domnina et Pseudotrimylus. Les 
petits soricides d’Europe, attribues par plusieurs auteurs a la 
sous-famille des limnoecines sont compares a des representants 
du genre Limnoecus. Ces comparaisons ont demontre qu’il n’y 
a actuellement pas de raison de placer Tune ou 1’autre des formes 
europeennes dans cette sous-famille. 

Dans la partie generale, on tente de demontrer que Fetonnante 
ressemblance des formes des deux continents peut etre expli- 
quee outre la migration, par d’autres possibilites telles que 
revolution parallele et la persistance des caracteres primitifs 
pendant de Ires longues periodes. 
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INTRODUCTION 


This paper is an experiment. A great number of 
questions are asked, but to only a few can an an¬ 
swer be given. 

During the last few years several species of Eu¬ 
ropean mammals have frequently been united in the 
same genus as North American species, almost al¬ 
ways on the basis of similarities in tooth morphol¬ 
ogy. The presence of such similar forms on both 
continents was usually explained by intercontinen¬ 
tal faunal exchange or, as most authors state, by 
“ migration.’' 

In this study I tried to approach the problems 
from a different point of view from that of most 
authors having worked in this field. In many cases 
I intentionally took the part of the advocatus dia- 
boli. My main object with this was to re-open sev¬ 
eral issues so that some problems will be discussed 
again. Many problems of relationships between 
Tertiary mammalian faunas from North America 
and Europe are regarded as solved and are not dis¬ 
cussed anymore. In my opinion it is premature to 
give a solution to such complicated problems on the 
basis of the scanty available comparative material. 
For the solution we need more complete and abun¬ 
dant specimens. In addition, in the course of this 
study I began to doubt whether tooth morphology 
alone can be trusted for the clarification of phylo¬ 
genetic relations, especially for such higher system¬ 
atic categories as genus, subfamily, or family. 

In this paper I try to show that in addition to 
faunal exchange other possibilities must still be con¬ 
sidered, including parallelism and the persistence of 
primitive forms on both continents over long pe¬ 
riods. In most cases no material was available other 
than that from which my colleagues had drawn their 
conclusions, so I tried to apply other morphologic 
criteria. I also examined earlier faunas of both con¬ 
tinents to determine whether there are forms from 
which the latter forms, showing similarities to those 
of the other continent, could be derived (without 
supposing a lateral communication). Thus, starting 
with upper Miocene genera being reported to occur 
on both continents, 1 also studied small mammals 
from the Lower Miocene, the Oligocene, and, in 
some cases, the Eocene. 

For this study I selected ten genera that appeared 
to me to be especially rewarding and with which I 
had the possibility of comparing American and Eu¬ 
ropean original specimens. I endeavored to com¬ 
pare as many different groups as possible, because 


conclusions can follow from a broad spectrum of 
forms that cannot be drawn from one group. Be¬ 
cause of the abundance of forms, and because the 
magnitude of the subject required me to follow the 
different groups over long periods—sometimes 
through the whole Tertiary—I confined myself to 
the rodents and insectivores. 

Assuming that most readers will not read through 
the whole paper, but rather will confine themselves 
to chapters interesting to them, the different chap¬ 
ters are self-contained. This involved, of course, 
some repetition in the different chapters. 

Because the time correlations of North American 
and European mammal faunas still are very much 
a matter of discussion, I abstained from giving a 
correlation table and correlated only on the level of 
epochs. The term '‘Miocene” is used in the mod¬ 
ern sense, that is, the period between ca. 23 and 5 
million years ago; likewise the Pliocene, which cov¬ 
ers the period between 5 and 1.8 million years ago. 
For North American stratigraphy, I used the cur¬ 
rent land mammal ages such as Arikareean, Hem- 
ingfordian, and so forth, but for the European Neo¬ 
gene I largely refrained from using terms like 
Helvetian, Tortonian, Sarmatian, and others. These 
are mostly defined on the basis of marine forma¬ 
tions and therefore in continental stratigraphy they 
can mean very different things, according to the 
country and school of the different authors. So for 
the European Neogene I used the mammal units 
NMU 1-16 (NMU = Neogene Mammal Unit), in¬ 
troduced and worked out by Mein (1976). For col¬ 
leagues not acquainted with this new mammal zo- 
nation, I sometimes added the misleading stage 
names in quotation marks. 

Abbreviations of the institutions owning the specimens de¬ 
scribed and figured in this paper are as follows: AMNH, Amer¬ 
ican Museum of Natural History, New York: BSPM, Bayerische 
Staatssammlung fur Palaontologie und historische Geologic, 
Miinchen; CM, Carnegie Museum of Natural History, Pitts¬ 
burgh; FSL, Faculte des Sciences de Lyon; KU, University of 
Kansas Museum of Natural History, Lawrence; MO, Museum 
Olten (Solothurn, Switzerland); MHNP, Museum national 
d'Histoire naturelle, Paris; NHW, Naturhistorisches Museum 
Wien; NMBS, Naturhistorisches Museum Basel; NMNH, Na¬ 
tional Museum of Natural History, Smithsonian Institution, 
Washington, D.C.; SDSM, South Dakota School of Mines, Mu¬ 
seum of Geology, Rapid City; UCMP, University of California 
Museum of Paleontology, Berkeley; UNSM, University of Ne¬ 
braska State Museum, Lineoln; UO. University of Oregon, Mu¬ 
seum of Natural History, Eugene. 
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RELATIONSHIPS OF INSECTIVORES 


La nth a notherium 

(Fam. Erinaceidae, Bonaparte, 1838, Subfamily 
Echinosoricinae Cabrera, 1925) 

History of Investigations 

The genus Lanthanotherium was introduced in 
1888 by Filhol for Lartet’s Erinaceus sansaniensis 
from Sansan. Outside of L. sansaniense four more 
species have now been described from Europe—L. 
robustum Viret, 1940, from La Grive; L. longi- 
rostre Thenius, 1949, from Leoben; L. sanmigueli 
Villalta and Crusafont, 1944, from Viladecaballs; 
and L. piveteaui Crusafont, Villalta, and Truyols, 
1955, from Can Cerda. A second species from San¬ 
san, described in 1972 by Baudelot as L. tobieni, 
is here considered as a synonym of L. sansan¬ 
iense . 1 Butler (1969) reported Lanthanotherium 
from the Miocene of Africa (Songhor, eastern Af¬ 
rica). I know of no fossils of Lanthanotherium from 
Asia, where all Recent representatives of the Echi¬ 
nosoricinae live. Webb’s reference (1961:1085) to 
a passage in Viret (1940:53) in which a questionable 


1 Baudelot (1972) introduced the species L. tobieni chiefly on the basis of a fourth 
premolar in two lower jaw fragments ( L . sansaniense usually has three lower pre¬ 
molars). It is generally known that the number of premolars in Echinosoricinae varies 
considerably within a population, often even in the two halves of one jaw. Van Valen 
(1967:272), for example, described three skulls of the Recent species Hylomys suil- 
lus —one specimen had three P on both sides; another, four P on both sides; and a 
third specimen, three P on the right upper jaw and four on the left. According to Van 
Valen, the same variability can be observed in the Recent Neotetracus sinensis and 
1 found the same variability also in lower jaws of Echinosoricinae in our collection. 


Lanthanotherium specimen from China is said to 
be mentioned, apparently is due to a mistake, be¬ 
cause in this passage Viret discusses only the Re¬ 
cent Neotetracus sinensis Trouessart, 1909, and the 
Oligocene Tetracus from Ronzon (France). Since 
1961 several fossil insectivores from North America 
were incorporated into the genus Lanthanotherium . 
Webb (1961) assigned a jaw fragment with three 
molars from the Bopesta Formation (Barstovian) of 
California to this genus. Subsequently, James 
(1963) described two new species of Lanthanothe¬ 
rium — L. sawini and L. dehmi. Since then remains 
of these animals were also reported from the Red 
Basin in Oregon (Shotwell, 1968) and from the Bar- 
stow Formation in California (Lindsay, 1972). 

Among the numerous currently described species 
of Lanthanotherium the dentition is known to some 
extent from only three— L. sawini , of which even 
a well preserved skull fragment is known; L. san¬ 
saniense ; and L. longirostre. All the other forms 
are hitherto documented only by fragments of man¬ 
dibles. Therefore, in Lanthanotherium , as in many 
genera treated in this paper, all comparisons are 
limited to the dentition. 

As in most insectivore groups, in the Echinoso¬ 
ricinae the molars behave very conservatively dur¬ 
ing evolution, whereas the anterior part of the den¬ 
tition undergoes various differentiations. This 
becomes obvious on comparing the dentitions of 
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Neurogymnurus and Lanthanotherium, for exam¬ 
ple. Therefore, at the generic level more systematic 
value must be attached to differences in molars than 
to those of the anterior dentition. The same obser¬ 
vation can be made comparing the European 
species of Lanthcinotherium —the anterior dentition 
shows very important differences, the molar den¬ 
tition hardly any. 

Comparisons of American and European Forms 

Because, as James (1963) pointed out, the best 
documented American species, L. sawini, shows a 
highly specialized anterior dentition, the following 
comparisons are restricted to molar morphology. 
Thus, I tried to distinguish the features in common 
to forms on one continent and compared them with 
the characteristics of the forms on the other conti¬ 
nent. Determination of the typical features of the 
American species of Lanthanotherium was greatly 
aided by examination of excellent material from an 
unpublished fauna (I was requested not to mention 
this material, specifically, but as a check on my 
conclusions it was very helpful). Viret (1940) and 
Butler (1948) showed that the third upper molar in 
the Erinaceidae is taxonomically significant. 1 found 
M 3 /M 3 to differ between the species on the two con¬ 
tinents—these differences I interpret as general 
ones. 

M 3 of American Lanthanotherium is more re¬ 
duced compared with those of European species. 
The parastyle and anterior cingulum are less devel¬ 
oped and, sometimes, lacking, a feature never ob¬ 
served in European forms (see Plate 1). The ante¬ 
rior crest of the protocone extends directly to the 
paracone, rather than to the anterolabial corner of 
the tooth (the parastyle) as in European species of 
Lanthanotherium. On M 3 of the American species 
the cusps are less distinct and fused to a ring-shaped 
wall that is open only on the lingual side. The cusp 
on the posterior corner of the tooth 2 , especially well 
developed in L. sansaniense, (Plate la) is less well 
differentiated in American forms. The posterior 
crest of the protocone in European species extends 
to the metacone, leaving a distinct lingual shelf. On 
M 3 of American specimens this posterior protocone 
crest ends shortly beyond the protocone or extends 
to the cusp on the posterior corner of the tooth. 


2 Butler {1948) and James {1963) designate this cusp as a hypocone. This designation 
seems somewhat daring to me, because this cusp is lacking in earlier Echinosoricinae, 
for example, some Galericini or Neurogymnurus. and therefore, in my opinion, has 
to be regarded as a new acquisition. For that reason it would hardly be homologous 
with a real hypocone. 


The shelf between the posterior branch of the pro¬ 
tocone and the lingual tooth margin is lacking or 
only weakly developed. 

On M 2 of American species of Lanthanotherium 
the anterior cingulum is less well developed than 
that of European forms. The paracone and meta¬ 
cone are connected by a longitudinal crest, which 
is weakly expressed on corresponding teeth from 
Europe (Piate la-c). In addition, the valley in the 
posterior half of the tooth between the metacone 
and hypocone is larger in American forms. 

M 1 of American forms is relatively short and its 
metaconule is crescent-shaped in occlusal view, 
whereas it is more nearly round in European 
species. Otherwise M 1 of American and European 
forms are the most similar of all the upper molars. 

Even fewer differences can be observed between 
the lower molars of American and European 
species of Lanthanotherium (Plate 2). This is not 
too surprising since the lower molars of different 
echinosoricines resemble each other very closely 
(for example, those of Lanthanotherium, Neuro¬ 
gymnurus , and Hylotnys). 

As already mentioned the species on each con¬ 
tinent vary considerably as far as the anterior den¬ 
tition of the lower and upper jaw is concerned. 
Therefore the anterior dentition seems to me to be 
very important for the distinction of different 
species, but not for the definition of higher taxo¬ 
nomic units. However, the robust anterior denti¬ 
tions exhibited in L. sawini and especially L. dehmi 
(see James, 1963) are not known in European 
forms. 

Finally, all described species of Lanthanotherium 
from North America are distinctly smaller than 
most European forms of the same age. The only 
exception among European species is that from Can 
Llobateres, which, although one of the latest forms, 
has the smallest dimensions (see Plates lc and 2d). 3 

Discussion 

The comparisons of American and European 
species of Lanthanotherium demonstrate that in 
addition to the great similarity of the dentitions 
there are also differences. Even if these differences 
are not very apparent, their significance for system- 
atics should, in my opinion, not be underestimated. 


3 Whether the form from Can Llobateres is identifiable as Lanthanotherium san- 
tnigueli < Villalta and Crusafont, 1944) cannot be decided on the basis of the descrip¬ 
tions and figures in the original publication. However, on the basis of size the form 
from Can Llobateres corresponds to L. sanmigueli from Viladecaballs, which is of 
about the same age. 
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If, in addition, one takes into consideration how 
little various genera of the Echinosoricinae often 
differ dentally one can question the incorporation 
of the Lanthanotherium-Wkz forms from North 
America into the genus Lanthanotherium . Com¬ 
paring, for example, the dentition of American Lan- 
thanotherium with those of certain Recent echino- 
soricines such as Echinosorex, Neoteiracus , and 
Hylotnys (see Plates Id and 2e), one notices that 
the correspondence with the Recent forms is the 
same as with Lanthanotherium from Europe. With 
the same justification the American Lanthanothe- 
rium could therefore be assigned to Hylomys or 
Neotetracus. For this reason, it seems appropriate 
to separate generically the American and European 
species of Lanthanotherium. However, I refrain 
from this action until better skull remains of the 
European forms are known. New conclusions about 
the phylogenetic relations can also be expected fol¬ 
lowing study of the unpublished Lanthanotherium 
material in American collections. Finally, the pos¬ 
sibility exists that if more complete remains of 
Ocajila from the Wounded Knee area (Macdonald, 
1963) become known, generic identity of the latter 
genus with the American forms hitherto assigned to 
Lanthanotherium may result, so that all American 
forms could be united into the genus Ocajila. 

Even if the dental differences of American and 
European species of Lanthanotherium seem to jus¬ 
tify a generic separation, close relationship between 
the forms from both continents cannot be contest¬ 
ed, and with good reason are united with the Recent 
“moon rats” in the tribe Echinosoricini (Butler, 
1948; Van Valen, 1967). How closely these forms 
are related cannot be judged for the moment, be¬ 
cause of the general conservative nature of the den¬ 
titions in echinosoricines. A pertinent question here 
is when the Echinosoricinae (sensu Butler, 1948) 
appeared in the New World. Either this group had 
already reached America from Europe in the Upper 
Eocene, or it originated there. An Ocajila-Y\kc eri- 
naceid is known from the Uintan Tepee Trail For¬ 
mation of Wyoming (I am indebted to Prof. Robert 
Wilson for sending me a photocopy of a letter from 
Dr. Peter Robinson, in which this form is men¬ 
tioned). This genus, originally described from the 
Sharps Formation (lower Arikareean), is generally 
regarded as a member of the Echinosoricinae and 
is therefore the earliest known representative of this 
subfamily in the New World. Unfortunately, I have 
not seen specimens of the Eocene Erinaceid, and 
only part of the lower dentition of the Wounded 


Knee species is known (the jaw fragment of Mac¬ 
donald’s figure 4 [1970J is obviously not of Ocajila 
but of a heterocoricine; see also Hutchison, 
1972:13). The lower molars of Ocajila and Lantha¬ 
notherium are remarkably alike (see Plate 2c), ex¬ 
cept that the latter have a somewhat longer trigonid. 
Based on these, admittedly poor, remains there is 
no feature in the dentition of Ocajila which would 
exclude this genus from the ancestry of Lanthano¬ 
therium. In Europe the earliest known echinosori¬ 
cines are the Middle Oligocene genera Neurogym- 
nurus and Tetracus , either of which may have given 
rise to Lanthanotherium. 

The first appearance of Lanthanotherium in Eu¬ 
rope is in the Lower Miocene of Vieux Collonges 
(NMU 4), but in America it is not until the Upper 
Miocene (Barstovian). On both continents Lantha¬ 
notherium is recorded until the Upper Miocene 
(Turolian in Europe, Clarendonian in North Amer¬ 
ica). 

If we attribute the dental resemblances between 
European and North American species assigned to 
Lanthanotherium to intercontinental migration, the 
Bering Strait is the only possible migration route 
after the end of the Eocene. There, as with other 
groups (for example, Sciuropterus) treated in this 
paper, a problem arises—ail Recent Echinosorici¬ 
nae are dwellers of tropical or subtropical forests. 
From this we can conclude, if conclusions based on 
analogy with living forms are valid, that the fossil 
forms ecologically did not behave much differently. 
For dwellers of tropical forests the far north Bering 
Strait region should not be underestimated as a cli¬ 
matic barrier (see Simpson, 1947:651: “there is no 
evidence from the mammals that any truly tropical 
or subtropical animal ever migrated between Eur¬ 
asia and North America”). Other ecological bar¬ 
riers likely also existed on this long route. In ad¬ 
dition it has to be remembered that no Tertiary 
Echinosoricinae have yet been found in Asia. 

Really we are still groping in the dark with the 
reconstruction of the history of Lanthanotherium. 
The only statement on which we are on firm ground 
is that of the morphological differences of the den¬ 
tition, and from these the conclusion that there 
should be generic separation for the American and 
European forms seems to be justified. 

Plesiosorex/Meterix 
(Family Plesiosoricidae Winge, 1917) 

The discussion on Plesiosorex is confined to 
points bearing on the relationship between North 
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American and European forms. A monographic 
treatment of Plesiosorex is in preparation. Also not 
discussed is the systematic affiliation of this genus, 
which is still not clear. Wilson (1960) thoroughly 
compared Plesiosorex coloradensis with European 
species, and therefore I confine myself to some few 
interesting, comparative points. 

Historical Introduction 

De Blainville first described in his “Osteogra- 
phie 11 (1838) a representative of this genus under 
the name Erinaceus soricinoides. The type was 
from the Stampian locality of Chaufours (Limagne, 
France). Pomel (1854) classified the species from 
Chaufours with the myogales and introduced the 
generic name Plesiosorex. Dietrich (1929) seems to 
have been the first author to notice the similarity 
between the European Plesiosorex and the Ameri¬ 
can genus Meterix described by Hall (1929). Strom- 
er (1940) incoiporated the species Myogale ger- 
manica (Seemann, 1938) in the genus Meterix Hall. 
In the same year Viret (1940) discussed the phylo¬ 
genetic relationships of Plesiosorex and Meterix , 
and took the view that probably at the end of the 
“Vindobonian” or the beginning of the “Pontian” 
representatives of the genus Plesiosorex “emigrat¬ 
ed 1 ' to America. In his monograph on the Quarry 
A fauna, Wilson (1960) described an insectivore as 
Plesiosorex coloradensis , stating that the Quarry A 
species showed more similarities with European 
Plesiosorex than with the American Meterix. 

Comparisons of American and European Forms 

Comparisons between European and American 
plesiosoricids are confined to the dentition, because 
no other remains of these animals are now known 
from Europe. Species of Plesiosorex from North 
America and Europe are surprisingly similar and 
exhibit all the dental features typical of the genus— 
the paracone and metacone of the upper molars are 
shifted medially compared with those of other in- 
sectivores, and the occurrence of cusps labial to the 
paracone and metacone. Extensive comparisons of 
European and North American material failed to 
reveal fundamental differences in the dentition. 
Nevertheless, some differences do occur on MVMj, 
the most diagnostic teeth of Plesiosorex apart from 

I*. 

M 1 of all American Plesiosorex known to me 
shows a relatively strong and well-defined hypo- 
cone, whereas this cusp is distinctly lower and less 
clearly separated from the protocone on M 1 of Eu¬ 


ropean species (see Fig. 1c, f, i, and 1), such as P. 
schaffneri where the hypocone is essentially a shelf 
on the posterior side of the protocone (Fig. lc and 
Plate 5c). 

On M 1 of American species of Plesiosorex the 
cusp labial to the paracone is higher than the latter, 
whereas in European forms the paracone is always 
higher (Fig. lb, e, h, and k). In the North American 
species the cusp labial to the metacone on M 1 is 
more developed than in European ones, where it 
occurs as a crest rather than as a distinct cusp (Fig. 
la, d, g, and j). 

Species of Plesiosorex from both continents do 
not differ fundamentally in remaining known parts 
of the dentition. However, the anterior parts of the 
dentition are too poorly known for extensive com¬ 
parisons. 

The mandible in American and European Plesio- 
soricidae are very similar too (see Plate 3). 

It is interesting that both the primitive and ad¬ 
vanced species of Plesiosorex from North America 
and Europe are very similar to each other. P. co¬ 
loradensis, the earliest and morphologically the 
most primitive North American form, surprisingly 
resembles certain primitive species from Europe, 
for example that from the Riimikon. Both have a 
relatively short M 1 and a posterior trigon leg (Tri- 
gonumkante) that runs via the metaconule to the 
metastyle (Plate 5a and d). More evolved forms 
from both continents, such as Upper Miocene and 
Pliocene species of Meterix and Plesiosorex sp. 
from Grosslappen have a more elongated M 1 , with 
a posterior trigon leg that ends at the posterior mar¬ 
gin of the crown without reaching the metastyle (see 
Plate 5b and e). Similar observations can be made 
in the lower dentition-—more primitive species on 
both sides of the Atlantic have an M L with a short 
trigonid compared with the talonid (see Plate 4b and 
d). In more evolved forms an elongation of the tri¬ 
gonid angle occurs (Plate 4a and c). Also, the num¬ 
ber of antemolar teeth apparently becomes more 
reduced in evolved forms of North America and 
Europe. 

Finally, compared with the more primitive 
species, the mandible of advanced species from 
both continents bears a posteriorly shifted mental 
foramen—the anterior foramen of P. coloradensis 
is below P 2 ; that of Meterix is below P 3 (plate 3a- 
b). Similarly, among European species of Plesio¬ 
sorex the earlier forms, such as that from St-Andre 
(Viret, 1946) and Chaveroche (Plate 3d) bear the 
anterior foramen below the space between P 1 and 
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Fig. 1.—Different views of LM 1 of North American and European Plesiosoricidae. Upper row: lingual view; middle row: front view ; lower row: labial 
view, a-c) Plesiosorex schaffneri Engesser, a and c: NMBS, Al. 145 (invers), b: NMBS, Al. 538, Anwil (Switzerland), Middle Miocene; d-f) Plesiosorex 
sp., BSPM 1926 I. 81 (invers), Grosslappen (Germany), Middle Miocene; g-i) Plesiosorex coloradensis Wilson, KU 9990 (invers). Quarry A, Martin 
Canyon, Colorado, Hemingfordian; j-1) Meterix sp., a and c: OU 22329 (invers), b: OU 22326 (invers), Ove, Quartz Basin, Oregon, Barstovian. All 
figures 12x. 
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P 2 , but in more advanced forms, such as that from 
Aumeister, it occurs below the space between P 3 
and P 4 . Also, the posterior mental foramen of Eu¬ 
ropean forms seems to have moved posteriorly dur¬ 
ing the course of evolution—in the species from St- 
Andre and Chaveroche it occurs below P 4 (or below 
the interspace between P 4 and M x ), whereas, in 
more evolved forms (for example, from Viehhausen 
[Seeman, 1938], Riimikon, and Aumeister) it is be¬ 
low the protoconid of M,. This posterior migration 
of the posterior foramen in European forms hap¬ 
pened apparently between the Upper Oligocene and 
the Lower Miocene. In America this trend seems 
to have been terminated in the Lower Miocene, be¬ 
cause, like the geologically younger Meterix , P. co- 
loradensis has this foramen below M, (Plate 3a-b). 

As is probable for soricids, the movement of the 
mental foramen in plesiosoricids can be correlated 
to an enlargement of the large lower incisor (I 2 ), 
which unfortunately is known in only a few species. 

The intercontinental similarity among primitive 
and evolved plesiosoricids cannot, in my opinion, 
be explained only by faunal exchange, because 
these would have to have involved frequent "inter- 
migrations.” An analogous case involves Democri- 
cetodon and Copemys , where the advanced species 
(on either continent) are more similar to each other 
than to the primitive ones. It is very difficult to find 
an explanation for these phenomena. In my opinion 
it seems worth considering whether evolutionary 
trends could be involved, which, proceeding from 
a common origin, can be conserved over long pe¬ 
riods. 

Of all described species of Plesiosorex , P. color- 
adensis from Quarry A is by far the best known. 
Wilson (1960) concluded that compared with P. so- 
ricinoides from St-Andre and P. cf. soricinoides 
from Chaveroche, P. coloradensis shows more pro¬ 
gressive features, but compared with P. styriacus 
(Steiermark) and P. germanicus (Viehhausen) was 
more primitive. 4 

Unpublished Plesiosorex material from Europe 
are similar to P. coloradensis and, considering its 
age, imply the progressive nature of the latter. The 
strongly reduced labial cingulum of the lower mo¬ 
lars is an especially progressive feature in the den¬ 
tition of P. coloradensis. P. coloradensis most 
closely resembles the Riimikon Plesiosorex (canton 
of Zurich, Switzerland, see Plate 5a). On the basis 


* Thenius (1949) recommended synonymy of P. germanicus and P. styriacus, in 
which he was followed by Wilson (1960). Later 1 (1972:59) advocated for maintenance 
of both species. 


of the cricetids, the Riimikon fauna (NMU 5) has 
to be regarded as somewhat older than that from 
Sansan (NMU 6), but according to Wilson’s strati¬ 
graphic placement of Quarry A, P. coloradensis 
would be distinctly older than the Riimikon species. 

How can the great similarities between North 
American and European Plesiosorex be explained? 
As mentioned above, Viret (1940) suggested "mi¬ 
gration” from Europe to North America immedi¬ 
ately before the "Pontian.” Wilson (1960) also pre¬ 
ferred the possibility of a "migration,” but he fixed 
the time for it somewhat earlier—Lower Miocene— 
because he regarded P. coloradensis as a possible 
ancestor of Meterix . 5 

At present, P. coloradensis is the oldest known 
plesiosoricid in North America; no suitable ances¬ 
tors are known from the Oligocene or Eocene of 
North America. Nevertheless, such Paleogene 
forms as Geolabis (=Metacodon) show similarities 
with Plesiosorex. As stated by Wilson (1960) most 
of these similarities have to be considered as com¬ 
mon primitive features. In Europe Plesiosorex is 
known from earlier levels, that is, from the Stam- 
pian. This and the fact the American and European 
forms are very similar, at least in those parts that 
we can compare, implies a faunal exchange. 

On the other hand, Plesiosorex is dentally prim¬ 
itive, having retained these features over very long 
periods. That the evolved, latest forms on both con¬ 
tinents are surprisingly similar implies the possibil¬ 
ity of parallelism. Thus, it is possible that Plesio¬ 
sorex reached North America before the time of its 
earliest known occurrence, and then developed for 
a long time in parallel to its European relatives. 

Subfamily Heterosoricinae Viret and 
Zapfe, 1951 

(Family Soricidae Gray, 1821) 

History of Investigations 

Since my study of the Miocene mammal fauna 
from Anwil (1972:73) reported on the history of the 
European Heterosoricinae, this discussion is limit¬ 
ed to the opinions of different authors regarding the 
relationships between North American and Euro¬ 
pean forms. Since Cope’s (1873) description of the 


5 If a close relationship of American and European plesiosoricids will be confirmed 
in the future, the generic name Meterix probably will be declared a synonym of 
Plesiosorex, because for the present it is difficult to differentiate the two genera 
morphologically. We hope that we soon will know more about these relationships 
because some North American collections contain extensive unpublished material, 
possibly permitting determination of the phylogenetic lineages from P. coloradensis 
to the latest forms of the Upper Pliocene. 
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genus Domnina , heterocoricines have been re¬ 
covered in North America, but, for a long time, 
were not considered to have a close relationship 
with European forms. Patterson and McGrew 
(1937) were the first to point out the similarity of 
Domnina to the European Heterosorex , but they 
did not alter their systematics. Mawby (1960) noted 
the great resemblance of "Domnina" conipressa 
(Galbreath, 1953) to Heterosorex 6 Gaillard and as¬ 
signed "D." conipressa and an undescribed species 
from Oregon, — Pseudotrimylus mawbyi (Repen¬ 
ning) 1967, to Heterosorex . Wilson (1960) referred 
two species from Quarry A to Heterosorex — H. ro- 
peri and Heterosorex sp.—and compared them ex¬ 
haustively with European species. Wilson claimed 
that "Heterosorex" roperi could not have devel¬ 
oped independently from European species since 
the Oligocene. Since 1960, the names Trimylus and 
Heterosorex have also been used for American 
forms (Hutchison, 1966, 1972; Doben-Florin, 1966; 
Repenning, 1967). In his revision of the family So- 
ricidae. Repenning (1967) was of the opinion that 
the European and North American Heterosoricinae 
likely represent two separate evolutionary lines, but 
he still included species from Europe and North 
America in the genus Trimylus. Gureev (1971) in¬ 
troduced a new genus, Pseudotrimylus , for Heter¬ 
osorex roperi from Quarry A. Crochet (1968) had 
referred three heterosoricines from the European 
Oligocene to Domina — "Amphisorex" primaevus 
Filhol, "Sorex" herrlingensis Palmowski and 
Wachendorf, and the heterosoricine from Ricken- 
bach (Switzerland). In 1975, I introduced the genus 
Quercysorex for the former two, and placed the lat¬ 
ter in the genus Dinosorex. 

The known diversity of the subfamily Heteroso¬ 
ricinae has greatly increased in the last 15 years. 
Although new North American and European 
species have been described, their phylogenetic af¬ 
finities still are not clearly understood. Several au¬ 
thors oversimplified this problem by considering all 
later forms to have descended from earlier ones. 
Their nice phylogenetic trees hardly show real phy¬ 
logenetic relationships. Typical examples are the 
cases of Saturninia and Dinosorex huerzeleri 
( = Heterosorex aff. neumayrianus) from Ricken- 
bach, which, being the oldest known forms, are 
used and abused as ancestors for all sorts of groups. 
Among the present abundance of known heterosor- 


6 As far as the problematic nature of the names Heterosorex and Trimylus is con¬ 
cerned, see Engesser (1975). 


icines there are hardly two species of different age 
that can be derived with certainty from one other. 
The conclusions obtained by observing the trends 
of one feature always seem to be opposed by those 
from other features. Their systematics are also 
complicated by the fact that many of the taxa are 
incompletely known, for example from one frag¬ 
mentary mandible—and by and large differ very lit¬ 
tle. The latter can probably be explained in the fol¬ 
lowing manner: the Heterosoricinae (analogous to 
the rodents) specialized very early—probably al¬ 
ready in the Eocene—and apparently very success¬ 
fully too; this specialization considerably limited 
their spectrum of evolutionary possibilities, where¬ 
as in return, as in rodents (Wood, 1947), increased 
their chances for parallel evolution. In the Miocene 
of Europe and North America there are a great 
number of different evolutionary lines, often very 
hard to distinguish. The diversity of taxa in the 
Oligocene of both continents also argues in favor of 
the existence of different lineages. Therefore, the 
phylogeny of this group is at present unclear. 

The relationships between North American and 
European heterosoricines are also unresolved and 
these taxa are compared below. 

Comparisons of Oligocene 
Heterosoricines of America and Europe 

The Oligocene soricid faunas of North America 
are dominated by the genus Domnina Cope, 1873, 
of which five species have been described. After 
the Middle Oligocene (Orellan) other forms, dis¬ 
tinctly different from Domnina , occur. These are 
here provisionally designated as Pseudotrimylus 
Gureev, 1971 (see below for detailed discussion of 
the nomenclature). In the European Oligocene two 
genera of heterosoricines are distinguishable— 
Quercysorex Engesser, 1975, and Dinosorex En¬ 
gesser, 1972. These will be discussed later. 

Differences between Domnina and the Oligocene 
Pseudotrimylus. 7 —The Oligocene Pseudotrimylus 
(the only known specimens are those of P. com - 
pressus from Cedar Creek and Pine Ridge [see Re¬ 
penning, 1967:Fig. 5] and that of Pseudotrimylus 
sp. from Lawson Ranch; see Fig. 2b and Plate 7d) 
differs from Domnina in its stouter mandible; its 
lowest point is immediately behind M 3 and its height 
increases distinctly anteriorly. The mandibular 
height of Domnina is about the same from front to 
back, except that below Mj a gentle inlet can be 


7 For use of the name Pseudotrimylus see p. 15. 
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Fig. 2.—a) Dinosorex huerzeleri (Engesser), L mandible with I, (type) MO. Rb. 101, Rickenbach (Canton Solothurn, Swit¬ 

zerland), Late Oligocene; b) Pseudotrimylus sp., L mandible with Mr-M 2 , CM 10922, Lawson Ranch. Goshen Co., Wyoming, Lower 
Orellan?; c) Domnina sp., L mandible with Mi-M 3 , CM 10403, Pipestone Springs, Jefferson Co., Montana, Chadronian. All figures 
8x. 



observed (Fig. 2c). The last antemolar of Domnina 
is largest, whereas in Pseudotrimylus the first is 
largest. The M!-M 2 of Domnina are of equal size, 
and have slender, pointed cusps with the protoco- 
nid highest (Plate 7e). In Pseudotrimylus the lower 
molars decrease in size posteriorly and are more 
squat than in Domnina , with the protoconid only 
slightly higher than the other cusps. The hypocristid 
in all species of Domnina extends behind the en- 
toconid (Modus B, Engesser, 1972:76), whereas in 
Pseudotrimylus it mostly joins the entoconid (Mo¬ 
dus A). Finally, the teeth of Domnina are intensely 
pigmented, whereas those of Pseudotrimylus are 
either not at all (for example, Pseudotrimylus from 
Lawson Ranch) or only slightly pigmented (P. com- 
pressus). (For more differences, see Repenning, 
1967:10.) 

Domnina and Quercysorex.—Crochet (1968), 
noting the great similarity between Domnina on the 
one hand and “ Amphisorex ” primaevus Filhol 
from the Quercy and “Sorex” herrlingensis from 
Herrlingen on the other, placed the two European 


forms and the Rickenbach soricid in the American 
genus Domnina. However, later comparisons (En¬ 
gesser, 1975) of the three European taxa with dif¬ 
ferent species of Domnina illustrated that they dif¬ 
fered in some important features, and that their 
similarities were due to common retention of prim¬ 
itive features. Consequently, the genus Quercyso¬ 
rex was erected (Engesser, 1975) for the shrews 
from the Quercy and Herrlingen. The Rickenbach 
form (Plate 7c and Fig. 2a), which in my opinion 
does not resemble Domnina , was referred to a new 
species— D. huerzeleri —in the genus Dinosorex. 

Pseudotrimylus compressus and Dinosorex huer¬ 
zeleri.—This Oligocene species of Dinosorex 
shows more similarities with the Oligocene Pseu¬ 
dotrimylus of North America (for example, P. com¬ 
pressus)— the massive horizontal ramus of the man¬ 
dible and the inflated, low crowned lower molars 
(see Fig. 2a and Plate 7c). Nevertheless, there are 
also important differences— Dinosorex is much 
more primitive with five antemolars and a hypo¬ 
cristid extending behind the entoconid (Modus B); 
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Table 1. —Comparisons of American and European Heterosoricinae (except for such primitive forms as Domnina and Quercysorex ). 


Characters 

Typical for North American forms 

Typical for European forms 

Position of the mental 
foramen 

below M,; exception: P. roperi 

below M 2 or below the space between M, 
and M 2 

Pigmentation 

tooth apices unpigmented; 
exceptions: P. compressus 

P. mawbyi 

distinct pigmentation of tooth apices 

Mesostyle of the upper 
molars 

undivided; exceptions: Heterosorex sp. 
(Quarry A), Paradomnina 

divided 

Hypocone of M 1 and M 2 

very well developed 

much weaker 

Posterior labial cusp of P 4 

very well developed {P. mawbyi \) 

very weak or lacking 

Course of the posterior 
crest of the hypoconid 
of NT and M 2 
(hypocristid) 

directly to the entoconid (Modus A); 
exceptions: P. dakotensis, possibly 
Paradomnina 

behing the entoconid, often separated from 
this cusp by a small valley (Modus B); 
exceptions: Dinosorex zapfei from 

Neudorf and Vermes 

Proportions of M, and M 2 

M 2 comparatively small; exception: 
Paradomnina 

M 2 comparatively large; exception: 

Dinosorex, Pachygnathus 


P. compressus is derived in that only three ante- 
molars occur and the hypocristid joins the entoco- 
nid directly (Modus A). In addition, the mental fo¬ 
ramen in Dinosorex is situated below the trigonid 
of M 2 , whereas in P. compressus it is below 

The Miocene Heterosoricinae 

In a revision of the European Heterosoricinae 
(Engesser, 1975), I proposed suppression of the 
poorly defined genus Trimylus Roger, 1885. Het- 
erosorex Gaillard, 1915, on the other hand, is very 
well defined. However, the type species of the lat¬ 
ter— H. delphinensis from La Grive—shows many 
morphological peculiarities (for example, the hardly 
divided fossa masseterica on the mandible), shared 
only by H. neumayrianus among known heterosor- 
icines. Therefore, the genus Heterosorex should be 
limited to the species H. delphinensis and H. neu¬ 
mayrianus (for the new diagnosis of Heterosorex , 
see Engesser, 1975). All other European species 
hitherto included in Heterosorex or Trimylus were 
referred to the genus Dinosorex , for which I gave 
an emended diagnosis. 

North American Miocene Heterosoricinae seem 
to be more diverse than those from the Miocene of 
Europe. Such extremely specialized North Ameri¬ 
can forms as Ingentisorex and Pseudotrimylus 
mawbyi , and such primitive ones as Paradomnina 
have no corresponding forms in Europe. As noted 
by different authors, there is no difficulty in mor¬ 
phologically distinguishing most of the latter from 
European taxa. However, among the New World 
shrews one is out of place —P. roperi from Quarry 


A shows similarities in some features to the Euro¬ 
pean heterosoricines, especially Dinosorex zapfei 
from Neudorf (see Engesser, 1975). 

Apart from Ingentisorex and Paradomnina all 
other North American Miocene species without ex¬ 
ception were classified as Trimylus or Heterosorex. 
Because Trimylus is invalid and because Hetero¬ 
sorex has been redefined to include only the two 
European species H. delphinensis and H. neumay¬ 
rianus , to which genus do these North American 
Miocene shrews belong? Gureev (1971) introduced 
Pseudotrimylus for “ Heterosorex ” roperi from 
Quarry A. However, as already mentioned, the 
Quarry A form is out of place among American sor- 
icids. Also, the taxa hitherto placed in the genera 
Heterosorex and Trimylus are very heterogeneous. 
Nevertheless, I abstain from introducing a new ge¬ 
nus at this time and provisionally use the generic 
name Pseudotrimylus for all North American forms 
except Domnina , Paradomnia , and Ingentisorex. 

Comparison of Miocene Heterosoricinae of 
Europe and North America 

Considering the diversity of heterosoricines on 
both continents, it is remarkable that no general 
feature distinguishes among forms from America 
and Europe. 

Position of the mental foramen .—With one ex¬ 
ception (P. roperi ), the mental foramen in all known 
North American Heterocoricinae is situated below 
M P In all European taxa, except for Quercysorex , 
it occurs more posteriorly, either below M 2 or be¬ 
low the interspace between Mj and M 2 (Table 1 and 
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Plate 8). The position of this foramen is one of the 
most important systematic features because, as dif¬ 
ferent investigations showed, it is remarkably stable 
within populations and species. According to Steh- 
lin (1940), a more posteriorly placed foramen in sor- 
icids is more evolved than a more anteriorly placed 
one, because it indicates the presence of a large 
incisor. This observation, certainly correct in vaster 
connections, does not apply to the subfamily 
Heterosoricinae. For example, the mental foramen 
in species with relatively small lower incisors, such 
as those from Rickenbach, Wintershof-West, and 
Vieux Collonges, is not placed more anteriorly than 
in those showing a large incisor (species from An- 
wil, Sansan, Neudorf). 

Pigmentation .—The use of pigmentation of fossil 
soricid teeth as a diagnostic feature is still contro¬ 
versial. In certain cases it cannot be stated with 
certainty whether fossil teeth showing no pigmen¬ 
tation were formerly pigmented or not. Teeth of 
known European Heterosoricinae, except Quercy- 
sorex, are pigmented. American heterosoricines, on 
the other hand, show no pigmentation except for 
Domnina which has heavily pigmented cusp apices, 
and P. mawbyi and P. compressus, which possess 
slightly pigmented teeth (see Table 1). 

Mesostyle of the upper molars .—In all European 
species known to me, the mesostyle of M 1 , and in 
a smaller measure also of M 2 , is more or less divid¬ 
ed. In American heterosoricines such a division 
generally does not occur (see Plate 6). In Wilson’s 
(1960) “ Heterosorex sp.,” the mesostyle is more 
nearly divided than in any European shrew. This 
shrew still is so aberrant in this feature and in oth¬ 
ers—its upper molars also show a well-developed 
mesocone—that it is of no account to our investi¬ 
gations. According to Hutchison (1966) the meso¬ 
style on the upper molars of Paradomnina is also 
slightly divided. 

Direction of the posterior crest of the hypoconid 
(hypocristid) relative to the entoconid. —In Europe 
and North America both orientations of the hypo¬ 
cristid branch occur (Modus A and B, Engesser, 
1975). Among European heterosoricines (Quercy- 
sorex, most species of Dinosorex , Heterosorex) the 
indirect course (Modus B) is far more common, 
whereas in American species the indirect course is 
more common, excluding Domnina , Paradomnina, 
and Ingentisorex from these comparisons (see Ta¬ 
ble 1). As Repenning (1967) noted, both modi rep¬ 
resent different stages in an evolutionary trend, 
with Modus B the more primitive. Modus A oc¬ 


curred in America much earlier (Middle Oligocene 
[Orellan, in P. compressus]), than in Europe (Mid¬ 
dle Miocene [NMU 6 with Dinosorex zapfei from 
Neudorf a.d. March]). With the exception of the 
aberrant Ingentisorex and Paradomnina, I do not 
know any Miocene heterosoricine from North 
America with Modus B. In Europe, on the other 
hand, heterosoricines with Modus B occur through¬ 
out the Miocene. 

Proportions of M x compared with those of M 2 .— 
Another distinctive feature appears to be the pro¬ 
portions of the Mj and M 2 —in American het¬ 
erosoricines except Paradomnina and Domnina, 
M 2 is smaller than M^ in European taxa there is 
generally less difference in size between and M 2 
(Plate 7). This distinction is obvious in very early 
forms on both continents (for example, between P. 
compressus and Dinosorex huerzeleri from Rick¬ 
enbach [Plate 7c and d]). 

Comparisons of Pseudotrimylus roperi 
with European Forms 

(see also Wilson, 1960; Doben-Florin, 1964) 

As mentioned above, of all known North Amer¬ 
ican heterosoricines P. roperi from Quarry A is the 
most similar to European forms. This fact led sev¬ 
eral authors (Doben-Florin, 1964:70; Thenius, 
1969:135) to consider P. roperi either as an immi¬ 
grant from Europe or the ancestor of many Miocene 
European heterosoricines (for example, D. sansan- 
iensis). P. roperi cannot be the ancestor of D. san- 
saniensis despite many features in common. On M 2 
and M 2 of P. roperi , the hypocristid runs directly 
to the entoconid (Modus A, Plate 7a), a more 
evolved condition than in D. sansaniensis , which 
still shows an indirect course of the hypocristid on 
Mj and M 2 (Modus B, Plate 7b). Thus, in all prob¬ 
ability, the two species belong to two different evo¬ 
lutionary lines. 

As far as P. roperi being a European element 
within the American Heterosoricinae is concerned, 
we have little evidence. P. roperi has a number of 
features in common with American forms, in which 
it differs from European ones—(1) the tooth apices 
of P. roperi do not seem to be pigmented 8 , whereas, 
except for Quercysorex, all European heterosori¬ 
cines known to me have pigmented teeth; (2) the 
mesostyle on the upper molars of P. roperi is un- 


s Wilson's assumption that the teeth of P. roperi were originally pigmented (1960:28) 
is based, as of this writing, on analogy to the pigmentation of D. sansaniensis. 
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Fig. 3.—Left mandibular condyle of a) Domnina thompsoni Simpson (after McDowell 1958); b) Quercysorex primaevus (Filhol); c) 
Dinosorex sansaniensis (Lartet); d) Dinosore.x zapfei Engesser; e) Pseudotrimylus roperi (Wilson). All figures ca. lOx. 


divided 9 , whereas mesostyle division occurs in all 
European heterosoricines for which the upper den¬ 
tition is known (see Plate 6); (3) the hypocone of 
M l and M 2 is much more developed in P. roperi 
than in.any European form (Plate 6b); (4) the pos- 
terolingual cusp on P 4 is strong in the American 
species, but much weaker or lacking in European 
species. With the stocky shape of the teeth and M A 
much larger than M 2 compared to European forms, 
P. roperi resembles American Pseudotrimylus. In 
addition, there seems to be no morphological im¬ 
pediment to deriving P. roperi from certain Oligo- 
cene North American heterosoricines, such as P. 
compressus ; similarly, in my opinion, the Miocene 
European heterosoricines can be easily derived 
from Oligocene representatives of the group, such 
as Dinosorex huerzerleri of Rickenbach (Stampian). 
The authors not considering P. roperi as a Euro- 


9 It is not certain that the mesostyle on the upper molars of P. roperi was not 
divided, because as far as I know there is no known unworn upper molar of this 
animal. However, in European heterosoricine upper molars the division of the me¬ 
sostyle can often also be observed in relatively worn teeth, especially in labial view. 
So, the conclusion of an undivided mesostyle in P roperi seems justified. 


pean immigrant were probably influenced in their 
opinion by the position of the mental foramen. 

However, the posterior migration of the mental 
foramen can occur on forms of different continents 
as a parallel development. 

Parallel Developments and Analogous 
Trends in North American and 
European Heterosoricinae 

Some new morphological acquisitions observed 
on both sides of the Atlantic cannot be explained 
by a faunal exchange between North America and 
Europe after the Eocene, unless one assumes con¬ 
tinuous traffic in both directions across the Bering 
Strait. In my opinion, these ^migrations” must be 
regarded as exceptions (see Discussion). An ex¬ 
ample of these, probably parallel, developments, is 
the gradual division of the mandibular condyle, 
which occurred on both continents. The American 
Heterosoricinae apparently developed this division 
earlier than the European shrews. Pseudotrimylus 
dakotensis from the middle Arikareean already 
shows a distinctly divided condyle (Repenning, 
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1967:Fig. 6), whereas that of the ^Burdigalian” 
(NMU 3) Heterosorex neumayricinus from Winter- 
shof-West, besides Quercysorex the first European 
form, of which the condyle is known, is still undi¬ 
vided. The Middle Miocene (NMU 6) Dinosorex 
from Neudorf shows a more distinct separation of 
the articular faces, which are still coherent (Fig. 3). 
Probably in European forms the division of the con¬ 
dyle was independently acquired in two different 
lines since such an early species as Quercysorex 
primaevus shows a more advanced stage of con¬ 
dylar division than the more recent Heterosorex 
neumayricinus . The modern Soricinae developed a 
divided mandibular condyle completely indepen¬ 
dently from these phenomena in Heterosoricinae. 

The increase in fusion of the hypocristid with the 
entoconid in lower molars probably also developed 
independently on both continents. This process 
probably occurred twice, in North America and in 
Europe, in two different evolutionary lines—in 
North America, in the Orellan or earlier Pseudotri- 
tnylus compressus and in the Late Miocene Para- 
domnina (see Fig. 4); in Europe Dinosorex zapfei 
from Neudorf (Middle Miocene NMU 6) is the first 
heterosoricine with a Modus A connection. A re¬ 
newed tendency towards developing a Modus A 
connection is displayed by the Late Miocene Di¬ 
nosorex from Can Llobateres (NMU 9). Another 
trend, which can be observed on both sides of the 
Atlantic, is the increase in massiveness of the man¬ 
dible. This bone is very slender in primitive forms 
such as Quercysorex and Domnina , increases grad¬ 
ually in massiveness and reaches extraordinary ro¬ 
bustness in the geologically youngest forms such as 
Pseudotrimylus mawbyi and Dinosorex pachvgna- 
thus. This increase in massiveness of the mandible 
is accompanied by the increase in size of the lower 
incisor, which reaches its largest dimensions in the 
two latter forms. 

Limnoecus 

(Family Soricidae Gray, 1821) 

Several authors (R. W. Wilson, James, Doben- 
Florin, Baudelot) considered some small soricids 
from European localities to represent the American 
subfamily Limnoecinae (Repenning, 1967). This as¬ 
signment is very doubtful because of the poor doc¬ 
umentation and paucity of material. For example, 
among American forms, the upper dentition is not 
known. 

The European forms repeatedly assigned to the 
Limnoecinae are “Limnoecus" micromorphus 


Doben-Florin from Wintershof-West, “Limnoe¬ 
cus” grivensis Deperet from La Grive, “Limnoe¬ 
cus" dehmi Viret and Zapfe from Vieux Collonges, 
and Paenelimnoecus crouzeli from Sansan. 

Doben-Florin (1964) assigned the species from 
Wintershof-West to Limnoecus mostly because of 
the slightly developed entoconid on the lower mo¬ 
lars and the unicuspid talonid of M 3 . Chiefly be¬ 
cause of the structure of the last lower antemolar 
(P 4 ?; “antemolars” are teeth between incisor and 
Mj, “Zwischenzahne” of Doben-Florin), Repen¬ 
ning (1967:23-24) opposed this assignment and 
united this shrew with the Crocidurinae? incertae 
sedis. He also considered the distance between the 
protoconid and metaconid in the species from Win¬ 
tershof-West to be too large for a limnoecine. 

Sore.x grivensis and “Sorex" dehmi (Viret and 
Zapfe, 1951) were also incorporated in Limnoecus 
(James, 1963). According to James all small Ter¬ 
tiary soricids from Europe (possibly including So- 
rex antiquus Pomel) should be referred to Limnoe¬ 
cus , based on the similarities of the mandible 
(undivided condyle, large, triangular pterygoid fos¬ 
sa) and tooth structure (reduced talonid of M 3 , mo¬ 
lar protoconid and metaconid close to one another, 
and others). Limnoecus is thus very broadly inter¬ 
preted and unites almost all species that cannot be 
assigned to Crocidura or Sorex . Repenning (1967) 
defined the genus Limnoecus more strictly, placed 
Miosorex grivensis and “Sorex" dehmi in the 
subfamily Crocidurinae, and included only two 
species in Limnoecus — L. tricuspis Stirton and L. 
niohrarensis. Sorex vireti was referred to a new ge¬ 
nus, Angustidens , which, together with Limnoecus, 
was placed in the Limnoecinae. The determining 
factor for Repenning’s classification was the struc¬ 
ture of the last lower antemolar (P 4 ?) and M 3 , the 
pigmentation and the position of the mental fora¬ 
men. 

I concur with Repenning’s reasoning just to in¬ 
clude the mentioned European forms in Limnoecus 
or in the Limnoecinae. Limnoecus , interpreted as 
broadly as James did, becomes a ^wastebasket-ge¬ 
nus,” in which all forms not identified as either Cro¬ 
cidura or Sorex are assembled. The arguments by 
which Repenning excludes Miosorex grivensis, 
“Sorex" dehmi , and “Limnoecus" micromorphus 
from the subfamily Limnoecinae seem convincing 
to me. Although Baudelot (1972:100) adopted Re¬ 
pen ning’s definition of the subfamily Limnoecin¬ 
ae—a strong entoconid on the lower molars—at the 
same time (and on the same page!) she character- 
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a b c 

Fig. 5.—Right mandibular condyle of a) Paenelimnoecus crou¬ 
zeli Baudelot, NMBS, Ss. 1002, Sansan, France, Middle Mio¬ 
cene, 12.5x; b) Limnoecus niobrarensis Macdonald, (after Re¬ 
penning 1967) Nebraska, Barstovian, 5x; c) Angustidens vireti 
(Wilson), (after Repenning 1967) Quarry A, Hemingfordian, 5x. 


ized the new genus Paenelimnoecus by the loss of 
the entoconid. Besides the loss of the entoconid, 
the species from Sansan shows other differences 
from American Limnoecinae, the most important 
one being in the structure of the mandibular con¬ 
dyle—the condyle of Paenelimnoecus (see Fig. 5a) 
does not show any "labial emargination” as is typ¬ 
ical in the Limnoecinae (Repenning, 1967:4), but a 
"lingual emargination,” generally characteristic for 
the Soricinae. In addition the horizontal part of the 
condyle is distinctly wider in Paenelimnoecus com¬ 
pared to that of the Limnoecinae. This condylar 
structure implies the soricine affinities of Paenelim- 
noecus. This tiny shrew from Sansan also shows 
other differences from American soricids—the cor- 
onoid process is distinctly higher; the mental fora¬ 



Fig. 6.— Paenelimnoecus crouzeli Baudelot, LM,-M 3 , NMBS, 
Ss. 6706, Sansan (France), Middle Miocene, 25x. 


men is located somewhat more posteriorly; the low¬ 
er molars and the last antemolar (P 4 ?) have a lingual 
cingulum, lacking in American soricids (see Fig. 6); 
the angle of the trigonid of is more open than in 
Limnoecinae. Finally, there is the problem of pig¬ 
mentation—of the seven jaw fragments of Paene¬ 
limnoecus crouzeli in the Basel collection, none 
shows pigmentation. Because the enamel in this 
species is so delicate, the cavity at the base of the 
teeth appears through the enamel, with the effect 
that the tops of the teeth appear differently colored 
than the base. Because of this I stated (1972:66) that 
the teeth of soricid A from Sansan (—Paenelimnoe¬ 
cus crouzeli) might have originally been pigmented. 
I have not seen Baudelot’s specimen, but it seems 
strange that only this specimen should show pig¬ 
mentation, whereas seven others from the same lo¬ 
cality do not. If Paenelimnoecus actually does not 
show any pigmentation of the teeth, this would be 
one more reason for separating it from the Limnoe¬ 
cinae. 

It seems that for the present there is no reason 
to assign any of the European soricids treated here 
with the Limnoecinae. 


RELATIONSHIPS OF RODENTS 


‘ 4 S CIVROPTER US 

(Family Sciuridae Gray, 1821) 

History of Investigations 

Fossil flying squirrels have been known for a long 
time. In the last century a number of European 
forms were described as different species of Sciu- 
rus, but it was not until 1893 when Major connected 
these finds with flying squirrels. From that time all 
sciurid teeth showing secondary ridges and crenu- 
lated enamel were united in the genus Sciuropterus. 
The numerous Recent flying squirrels were split 
into different genera much earlier, although they 
resemble each other to some extent more than 


many fossil forms. This difference in treatment was 
perhaps motivated by the fact that this classification 
of Recent forms was based not only on the dentition 
but also on other morphological features (skeleton, 
color of the fur, and others). On the other hand, 
only the dentition of the fossil flying squirrels was 
known. The scarcity of remains of flying squirrels, 
although known from most Miocene localities of 
Europe, seems to be an additional reason why these 
animals were for so long united in the collective 
genus "‘Sciuropterus Mein (1970) divided the for¬ 
mer genus Sciuropterus into four genera— Ctypto- 
pterus> Forsythia , Miopetaurista , and Pliopetaur- 
ista. The latter two names were introduced by 
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Kretzoi (1962), but because this author did not give 
any diagnosis for these names, they were regarded 
as nomina nuda . Henceforth, the name “Sciurop- 
terus ” must be regarded as a synonym of Pteromys , 
the common Recent flying squirrel. 

For a long time no Tertiary flying squirrels were 
known from America. James (1963) described two 
forms from the Barstovian and Clarendonian of the 
Cuyama Valley, which he called Scluropterus ma- 
thewsi and S. uphami . Also from the Upper Mio¬ 
cene (Barstovian) Shot well (1968) reported two iso¬ 
lated teeth, found in the Red Basin of Oregon and 
determined as Sciuropterus sp. Lindsay (1972) in¬ 
troduced two new species, S.jcunesi and S. mini¬ 
mus , for remains from the Barstow Formation in 
California. 

James (1963) pointed out that remains of flying 
squirrels from the Cuyama Valley did not show a 
great similarity with the Recent Glciucomys of 
North America. Instead he saw similarities between 
North American dentitions and those of fossil flying 
squirrels from Europe. He saw two possible expla¬ 
nations for the phylogenetic relationships of his 
finds—a faunal exchange with Europe, thus origin 
from European forms, or a descent from certain 
Early Tertiary paramyids from North America, 
showing cheek teeth with crenulated enamel. James 
preferred the former possibility. Shotwell (1968) 
doubted if the two teeth from the Red Basin really 
represent flying squirrels and referred to the occur¬ 
rence of a similar tooth pattern in paramyids and 
Marmot a nevadensis. 

The earliest fossil flying squirrels are known from 
the Lower Miocene of Europe. The earliest Amer¬ 
ican remains generally considered as flying squirrels 
are from the Upper Miocene. This fact led different 
authors to see the European forms as ancestors for 
the American and to postulate a Miocene “migra¬ 
tion” of flying squirrels from Eurasia to North 
America. 

Regarding this interpretation I have some doubts. 
First, in addition to numerous morphological simi¬ 
larities between the forms from both continents (see 
Mein, 1970:33), there are some important differ¬ 
ences that make it impossible to trace the American 
species back to any known form. In the following 
I will go into details of these differences. Therefore, 
if one wants to adhere to the migration theory, one 
is compelled to postulate a hypothetical Eurasian 
ancestor. 

In addition, it can be assumed that in analogy to 
Recent flying squirrels, the fossil ones were forest- 


dwellers. Remains of fossil flying squirrels are 
found frequently in lignite deposits (Goriach, Vieh- 
hausen, Anwil). However, it is not known whether 
they had already developed a patagium and were 
able to glide from tree to tree. Moreover, the Mio¬ 
cene flying squirrels were probably living in a trop¬ 
ical or subtropical climate. We have many indica¬ 
tions for such a climate in the Miocene of Europe, 
and also James (1963:19) suggests a Neotropical 
ecotone for the Cuyama Badland in the Neogene. 
Also most species of Recent flying squirrels are liv¬ 
ing in the tropics (Glaucomys and Pteromys seem 
to be exceptions). Such dwellers of tropical or sub¬ 
tropical forests may well be dependent upon special 
ecologic conditions. Therefore, it is difficult to 
imagine that such animals had spread over great 
distances, without encountering any climatic or 
ecologic barrier. In Miocene times, the only possi¬ 
ble route between Eurasia and North America 
seems to have been a land bridge across the Bering 
Strait, but as Simpson (1947:14) pointed out and 
later authors confirm (see Beringia History, 1973), 
there is no evidence that there was ever a tropical 
or subtropical climate on this land bridge. 

Mein (1970), in his study of the fossil flying squir¬ 
rels from western Europe, concluded that not even 
within this relatively small area was there a lively 
faunal exchange. He suggests a polyphyletic origin 
for the three groups he distinguished. 

As an alternative to the “migration” theory ex¬ 
plaining the dental similarities of forms from both 
continents, the possibility of parallel evolution 
seems more realistic to me. In this case, parallel 
evolution seems even more probable because, as 
has been mentioned several times, the whole group 
of fossil flying squirrels is defined exclusively on 
the dentition. Sciurid-like teeth showing enamel 
crenulations usually are assigned to flying squirrels. 
The fact that such teeth should not automatically 
be assigned to flying squirrels is shown by the fact 
that similar teeth are also known from completely 
different groups (for example, paramyids Thisbe- 
mys and Paramys ). 

In discussion with colleagues about interconti¬ 
nental faunal relationships I heard several times: 
“forms whose ancestors we do not know and which 
suddently appear in a layer represent without doubt 
immigrants.” In my opinion this point of view 
greatly overestimates the actual state of our knowl¬ 
edge. True, in the case of the fossil flying squirrels 
of North America it is strange that no form from an 
earlier level than Barstovian is known. However, 
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going further back in stratigraphy, one definitely 
encounters forms coming into question as possible 
ancestors of the American “sciuropteres.” As al¬ 
ready mentioned, James considered a direct extrac¬ 
tion of the American “sciuropteres” from certain 
paramyids, as an alternative to the derivation from 
European species ( Cryptopterus from Wintershof- 
West). As common features between these para¬ 
myids and the Californian “sciuropteres” James 
pointed out especially the subdivided lophs, the 
‘'accessory loph” and the hypocone of the upper 
molars distinctly separated from the protocone. 

I was very surprised by the flying squirrel-like 
dentition of some species of Prosciurus (see Plates 
9 and 10). Upper premolars and molars of many 
species of Prosciurus show well-developed proto- 
and metaconules and distinct incisions in front of 
and behind the protocone, otherwise typical for 
flying squirrel teeth. In addition, the teeth of many 
Prosciurus species show a distinct crenulation. 
Furthermore, some Prosciurus species show fea¬ 
tures typical of the Late Tertiary “ Sciuropterus ” 
of North America—the long mesoconid, extending 
almost to the labial margin of the tooth and the iso¬ 
lated mesostylid of the lower molars. In the for¬ 
mation of the masseteric fossa on the labial side of 
the mandible I found a surprising resemblance, the 
systematic significance of which I cannot evalu¬ 
ate—a fragment of a Prosciurus mandible from 
Pipestone Springs (CM 9321) shows the same deep¬ 
ly engraved, anteriorly rounded fossa as “ Sciurop¬ 
terus" mathewsi from Cuyama Valley (see James, 
1963:Fig. 37a). The mandibles of other sciuropteres 
known to me from the Old World show a much less 
deep ( Petaurista, Petinomys) and anteriorly more 
tapered ( Miopetaurista , lomys , Pteromys, Hylo- 
petes) masseteric fossa. 

Also in the European Eocene and Oligocene 
there are rodents showing a great similarity to Late 
Tertiary sciuropteres. Several authors already re¬ 
ferred to these resemblances. Thus, Schlosser 
(1884), for example, pointed out the far-reaching 
morphological correspondences of Sciurodon from 
the Quercy with the Recent Pteromys . Major (1893) 
emphasized the similarities of Sciuroides and Pseu- 
dosciurus on the one hand and Sciuropterus (lo¬ 
mys) horsfieldi and Sciuropterus (Belomys) pear- 
soni on the other hand. To this list I would add 
Plesiospennophilus from the Phosphorites, whose 
molars, especially the lower, might be determined 
as belonging to a sciuroptere if found in a Late Ter¬ 
tiary deposit (see Plate 10). 


In total, in North America as well as in Europe 
there are throughout the Early Tertiary forms 
known which, based on our present knowledge, 
cannot be excluded from the ancestry of the Mio¬ 
cene forms, even though separated from the latter 
by a long period. Therefore, it is quite possible that 
the Late Tertiary American and European rodents 
with flying squirrel-like dentition developed com¬ 
pletely independently from each other, with the 
European Miocene forms, for example, having orig¬ 
inated from Plesiospennophilus, the American 
from Prosciurus. However, our present knowledge 
is too fragmentary to determine definitely an ances¬ 
tral group. I only want to show that in both conti¬ 
nents there are known Early Tertiary forms that 
might have been ancestors of the later ones, without 
the necessity of a Miocene migration. At any rate, 
as an attempt to explain the striking similarities of 
North American and European “ Sciuropterus," 
parallelism seems to me more probable than “mi¬ 
gration.’ ’ In this opinion I am supported by the re¬ 
sults obtained by Gorgas (1967) who, investigating 
Recent Petauristinae, showed that the Recent flying 
squirrels do not represent a homogeneous group. 
Thus Glaucomys, for example, corresponds in the 
digestive tract with the Sciurinae rather than the 
Petauristinae. Hence, possibly the Recent flying 
squirrels also represent a polyphyletic group. 

The generic name Sciuropterus has here been put 
in quotation marks for two reasons. First, it seems 
possible that the “ Sciuropterus" from California 
have nothing to do with flying squirrels, but perhaps 
with rodents of a completely different group having 
adapted their dentition to a similar manner of feed¬ 
ing. (Maybe they are not even sciurids!) Thus, 
many authors (McGrew, 1941; Stock, 1935; Wilson, 
1949; Wood, 1962; Rensberger, 1975) have con¬ 
nected Prosciurus, in spite of its flying squirrel-like 
dentition, not with the Sciuridae but rather with the 
Aplodontidae. 

The second reason is the following: as mentioned 
above. Mein (1970) in his study of the Neogene 
flying squirrels from western Europe divided the 
genus “ Sciuropterus ” into four genera, and the 
name “Sciuropterus" is only a synonym of Ptero¬ 
mys. The four “Sciuropterus" species from Cali¬ 
fornia (“S. ” uphami, mathewsi, jamesi, and mini¬ 
mus) in my opinion represent a homogeneous group 
that cannot be connected to any European genus. 
Therefore, I propose to separate them as a partic¬ 
ular genus, which I would call Petauristodon. This 
separation is based on morphological differences 
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and not on the above-mentioned doubts about the 
possibilities of an intercontinental dispersal. 

Petauristodon, new genus 

Derivatio n om i nis . —Pet a u r is todon :Pe to u rista 
tooth-like; this name is intended to refer to the sim¬ 
ilarities of the teeth of this genus with those of flying 
squirrels. Thus, it is left open if Petauristodon is 
really a flying squirrel or not. 

Diagnosis. —Cheek teeth of a sciuroid pattern, 
flying squirrel-like, with crenulated enamel. Upper 
P and M—with distinct proto- and metaconules, 
well developed mesostyle; in some specimens hy- 
pocone distinctly separated from the protocone; 
“accessory loph” between proto- and metaloph al¬ 
ways present, often also an accessory loph in the 
first syncline starting from the protocone; M 3 as far 
as known (P. uphami and P. minimus) without 
metaloph. Lower P and M—with short metalophid, 
isolated rnesostylid, long mesoconid mostly reach¬ 
ing to the tooth margin, without any “anterosinu- 
side” (Mein); enamel more crenulated than that of 
the upper teeth. 

Type species. — P. mathewsi James, 1963. 

Type locality .—Remnant Hill, UCMP loc. V-5663, 
Cuyama Valley, California. 

Stratigraphic range. —Barstovian to upper Clar- 
endonian. 

Included species. — P. uphami James; P. ma¬ 
thewsi James; P. jamesi Lindsay 10 ; P. minimus 
Lindsay. 

Differential diagnosis. —From Miopetanrista , 
Petauristodon differs in the following features: in 
the mesostyle, the “accessory loph,” and the dis¬ 
tinct hypocone of the upper molars; the lack of a 
spur extending backward from the metaconule on 
M 3 ; in the isolated rnesostylid, the short mesolophid 
and the large mesoconid, reaching to the tooth mar¬ 
gin on the lower molars. 

From Cryptopterns, Petauristodon is different in 
smaller size; on the upper molars better developed 
proto- and metaconule, the shorter distance of the 
lophs from each other at their point of attachment 
to the protocone; on the lower molars by: the lack 
of an “anterosinuside” (Mein) and the long meso¬ 
conid. 

From Forsythia, Petauristodon is different in the 
distinct mesostyle and the well developed “acces- 


10 It seems possible to me that P. jamesi represents a synonym of P. mathewsi. 
Outside of a small difference in size the two species show hardly any differences. 
However, for a definite decision the material of P. jamesi is too fragmentary and 
partly too poorly preserved. 


sory loph” of the upper molars; by the lack of lat¬ 
eral compression of M 1 and M 2 , typical for For¬ 
sythia y by the isolated rnesostylid and the long 
mesoconid of all three lower molars. 

From Blackia, Petauristodon differs in lesser 
amount of tooth crenulation, the proto- and meta¬ 
conule, the “accessory loph,” the secondary crests 
and the lack of a mesostylar crest of the paracone 
on the upper molars; the mesoconid, the well de¬ 
veloped posterior cusps, the isolated rnesostylid 
and the lack of an “anterosinuside” on the lower 
molars. 

From Pliopetaurista, Petauristodon is different 
in the mesostyle, the “accessory loph” and the lack 
of a metaconule-spur on the upper molars; by the 
isolated rnesostylid, the long mesoconid and the 
higher metaconid on the lower molars. 

Family Eomyidae Deperet 
and Douxami, 1902 

The eomyids are one of those rodent families 
whose history is known over a very long period. In 
North America representatives of this family are 
known from the Late Eocene until the Late Mio¬ 
cene, in Europe from the Lower Oligocene until the 
Pleistocene. It is curious that in this very long his¬ 
tory no increase of size such as is known from a 
number of other rodent families can be observed. 
On the contrary, the youngest species of this family 
are to some extent even smaller than the oldest. 
Even more curious is that some forms do not 
undergo any morphological changes during this long 
history, at least as far as the dentition is concerned 
(unfortunately at present skull and skeleton of the 
eomyids are scarcely known). In the different ep¬ 
ochs of this long history specialized forms were re¬ 
peatedly developed, but they can be traced only 
over relatively short periods. And ail indications 
suggest that these specialized forms often devel¬ 
oped from the stock of those that remained primi¬ 
tive, hence independently of each other. These de¬ 
viations from the primitive type (or specializations) 
almost all develop in one direction, to lophodonty, 
to some extent combined with a certain hypsodon- 
ty. As far as the dentition is concerned, these lo- 
phodont forms resemble each other astonishingly, 
although in some cases we are sure that they de¬ 
veloped independently, thus in a parallel manner 
(for example, Paradjidaumo , Pseudotheridomys , 
and Rhodanomys). 

In contrast to these specialized, lophodont forms, 
there are bunodont forms, doubtless correctly con- 
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sidered as primitive, because the earliest known 
representatives of the family— Protadjidaumo in 
America, Eomys in Europe—show teeth of this 
type. In addition, these bunodont forms look very 
much like the sciuravids, considered to be the 
ancestors of the eomyids. The relations between 
North American and European eomyids were re¬ 
cently studied by Fahlbusch in a very careful paper 
(1973). Therefore, I will limit my present study to 
those points on which I have a different opinion. 

Pseudotheridomys 
His tori cal In trodu ction 

The genus Pseudotheridomys was established in 
1926 by Schlosser for an eomyid from Haslach near 
Ulm, which he had described in 1884 as Theridomys 
parvulus . Fahlbusch (1969) described a second 
species, P. pusillus , of this genus. The form from 
Cournon called P. schauhi by Lavocat (1951) 
should, according to Fahlbush (1968:231), be re¬ 
garded as a synonym of P. parvulus. Because of 
the great similarities of the dentition Wilson (1960) 
incorporated an eomyid from Quarry A (Martin 
Canyon, Colorado) in the genus Pseudotheridomys . 
Shotwell (1967 a) described a new species P. pagei , 
from the Quartz Basin (Oregon). 

Both Wilson (1960:72 and 74) and Black (1965:41) 
explained the dental similarities of forms from both 
sides of the Atlantic by a Burdigalian migration of 
Pseudotheridomys from Eurasia to North America. 
Fahlbusch (1973) concluded on the basis of an anal¬ 
ysis of the evolutionary level of the oldest North 
American Pseudotheridomys (from Quarry A) that 
the immigration happened earlier, in the late Stam- 
pian or early “Aquitanian.” All authors agree that 
the genus Pseudotheridomys immigrated to North 
America from Eurasia. As far as the chronological 
correspondence is concerned, there is no reason to 
object to this hypothesis. Following Fahlbusch’s 
study (1970) of the changes of eomyid populations 
we can say with certainty that the genus Pseudo¬ 
theridomys developed from the genus Eomys in the 
Late Oligocene of middle Europe, and the hitherto 
oldest North American Pseudotheridomys , P. hes- 
perus from Quarry A, appears not before the Mar- 
slandian, thus later. To this it can be added that 
careful comparisons of the two American species 
with those from Europe do not furnish any funda¬ 
mental morphological differences in the dentitions. 

On the other hand, regarding the astonishing sim¬ 
ilarities that developed again and again within the 


whole family Eomyidae during this long history, the 
question arises if the resemblances of American and 
European forms could not have been developed in¬ 
dependently from each other, in a parallel way. It 
is worth mentioning that all comparisons are nec¬ 
essarily confined to the dentition, because neither 
the skull nor the postcranial skeleton of these ani¬ 
mals is known. In addition, just recently several 
examples of other groups have showed that dental 
features alone are often insufficient for recognizing 
phylogenetic relationships. 

There is one argument for the hypothesis that 
those American and European eomyids now united 
within the genus Pseudotheridomys could have 
originated independently—now we can say with 
great certainty that lophodont eomyids developed 
from bunodont forms. These bunodont genera {Pro¬ 
tadjidaumo, Adjidaumo , Eomys , Leptodontomys) 
are hardly distinguishable by the dentition (this is 
also obvious in Fahlbusch’s new diagnosis for the 
genus Eomys [1970:104] which can be transferred 
easily to some members of the genus Adjidaumo). 
With good reasons Wilson (1960) pointed out that 
Pseudotheridomys hesperus shows no close rela¬ 
tionship to any American eomyid. It has to be 
added to this observation that the history of the 
North American Eomyidae is very poorly docu¬ 
mented after the Middle Oligocene and that new 
connecting forms would not be surprising. Com¬ 
paring the European species of Pseudotheridomys 
with earlier eomyids, especially Eomys , the mor¬ 
phological relations are not immediately apparent. 
Not until the faunas of the fissure fillings from 
southern Germany—especially Gaimersheim—-were 
known, were we informed that Pseudotheridomys 
developed from Eomys. The morphological changes 
which the dentition of Pseudotheridomys shows 
compared with that of Eomys are not numerous: 
(1) labiad elongation of the last syncline of the lower 
premolar and molars; (2) linguad elongation of the 
first syncline of the upper molars; (3) development 
of a first syncline on the upper premolar. As Plates 
11 and 12 show, the North American Pseudotheri¬ 
domys species correspond very well in these three 
features with the European. Thus there is not just 
one characteristic but a combination of three fea¬ 
tures in which Pseudotheridomys from the New 
World differs from other eomyids of the same con¬ 
tinent, while sharing these features with some Eu¬ 
ropean forms. There are many reasons to believe 
that the compared North American and European 
forms of Pseudotheridomys are closely related. If 
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other mammal groups did not show even more as¬ 
tonishing dental resemblance, which can be ex¬ 
plained by convergence, I would consider the close 
relationship as proved. With an example of Eocene 
rodents I want to show how much derived forms, 
whose ancestors resemble each other, can corre¬ 
spond morphologically, without having any close 
phylogenetic relationship as proved. With an ex¬ 
ample of Eocene rodents I want to show how much 
derived forms, whose ancestors resemble each oth¬ 
er, can correspond morphologically, without having 
any close phylogenetic relationship—certain Pseu- 
dosciuridae from Europe ( Protadelomys , Adelo- 
mys ; see Stehlin and Schaub, 1951:Figs. 26, 29, 311, 
313) with their simple bunodont tooth pattern look 
very much like some bunodont Eomyidae. From 
these Pseudosciuridae there developed very prob¬ 
ably lophodont forms of the Theridotnys group 
(Theridomys , Trechomys, BlainviUimys \ see Stehlin 
and Schaub, 1951:Figs. 29-33, 316-320), which in 
their form resemble very much the lophodont 
eomyids, especially Psendotheridomys , that origi¬ 
nated from bunodont ancestors. 

In the Eomyidae there are more examples of cer¬ 
tainly independent development of similar, more or 
less lophodont tooth patterns. In contrast to the 
above-mentioned example, in the following two 
cases the probably bunodont ancestral forms are 
not known: the lower dentition of Centimanomys 
major from the Chadronian of Colorado (Galbreath. 
1955) shows great similarities to Psendotheridomys , 
but is certainly not closely related to the latter. The 
conclusive feature for this similarity, in which Cen¬ 
timanomys is different from nearly all North Amer¬ 
ican eomyids and which it has in common with 
Psendotheridomys , is the fourth internal syncline 
of Mj and M 2 extending far labially. 

As a further example, Meliakronniomys (Harris 
and Wood, 1969) from the Chadronian of Texas 
shows several features in common with the Euro¬ 
pean genus Ritteneria (Stehlin and Schaub). The 
similarities of these two genera are based essen¬ 
tially on the complete interruption of the longitu¬ 
dinal ridge (Langsgrat) and the direct connection of 
the four main cusps by transverse lophs on the low¬ 
er molars. As Emry (1972) demonstrated Melia- 
krouniomys is probably not an eomyid but a het- 
eromyid, and thus a close phylogenetic relationship 
does not need to be discussed. 

Comparing American and European representa¬ 
tives of the genus Psendotheridomys , it is interest¬ 
ing that in the two continents different evolutionary 


trends are found. Psendotheridomys pagei (Plates 
lid and 12d) from the Barstovian of Oregon—the 
hitherto most recent Psendotheridomys —is hardly 
distinguishable from P. hesperns (Plates lie and 
12e) of Quarry A; while in Europe, already in the 
Aquitanian, tendencies can be observed in Psendo¬ 
theridomys, which lead over to Ligerimys . Also the 
European genus Keramidomys , originating in the 
Middle Miocene, has to be regarded as a descen¬ 
dant of Psendotheridomys . Thus we find the follow¬ 
ing situation: whereas Psendotheridomys in North 
America does not continue differentiating, it splits 
in Europe into two lines in which the molar pattern 
is to some extent different from that of the ancestral 
genus. 

In summary, the history of this genus, especially 
in North America, is insufficiently documented at 
present. If for the present no fundamental differ¬ 
ences between North American and European 
species can be found, and therefore an interconti¬ 
nental faunal exchange seems to be probable, I 
nevertheless consider it not impossible that the 
American and European forms developed indepen¬ 
dently from bunodont eomyids. 

Leptodontomys 
History of Investigation 

The genus Leptodontomys was established by 
Shotwell (1956) on the basis of a single lower jaw 
fragment with incisor and premolar from the Hem- 
phillian of Oregon. Later Shotwell (1967a) reported 
some isolated teeth from the Clarendonian of Ore¬ 
gon belonging to this genus ( Leptodontomys sp.). 
Hugueney and Mein (1968) incorporated several 
Miocene and younger eomyids from different Eu¬ 
ropean localities in this genus (La Grive, Lissieu, 
Can Llobateres, Manchones, Schernfeld bei Eichs- 
tatt). In the meantime similar teeth were found also 
in Neudoif a.d. March, Franzensbad, Vieux Col- 
longes, and Anwil. Finally Fahlbusch (1973) dis¬ 
cussed exhaustively the relations of North Ameri¬ 
can and European Leptodontomys . This author 
preferred the possibility of a Middle Miocene “mi¬ 
gration’" of Leptodontomys from Europe to North 
America to a derivation of the New World Lepto¬ 
dontomys from older American eomyids. 

Morphological Particularities of 

Leptodontomys 

As pointed out in the section on Psendotheri¬ 
domys, bunodont eomyids resemble each other 
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very much in tooth pattern. Thus Leptodontomys 
differs from other bunodont forms, such as Adji- 
daumo and Eomys, only insignificantly. Among 
North American eomyids Leptodontomys is out of 
place in having a linguad anterior cingulum on the 
upper molars, otherwise a rather rare feature. The 
differences between Leptodontomys and Adjidau- 
mo pointed out by Shot well (“it [ Leptodontomys ] 
differs from this gcnu$[Adjidaumo]by having a 
poorly-developed posterior cingulum, a smaller me- 
soconid, and widely separated protoconid and 
metaconid”) all refer to the lower premolar and 
turned out to be largely invalid when more complete 
material from Black Butte was found. Also Fahl- 
busch (1973) and Hugueney and Mein (1968) attach 
great importance to the development of a linguad 
anterior cingulum on the upper molars. 11 The latter 
authors might have been led at least in part by this 
feature to unite American and European forms in 
the same genus (see emended diagnosis, Hugueney 
and Mein, 1968:200). 

Discussion 

Assignment of the European forms to Leptodon¬ 
tomys was suspicious to me from the beginning and 
after seeing ShotwelPs original specimens from Or¬ 
egon my doubts increased. We do not have any 
indications of the dispersal from one continent to 
the other. Supposition of a close relationship is 
based exclusively on the correspondence of the 
tooth pattern. Especially in cases like this, we must 
be very careful because the tooth pattern of Lep¬ 
todontomys is certainly very primitive. This be¬ 
comes apparent in comparing the tooth pattern of 
Leptodontomys with that of the earliest known 
eomyids such as Protadjidaumo and Eomys. So far 
as primitive forms are concerned, there is generally 
a risk to assume close phylogenetic relationships on 
the basis of morphological similarities to other 
primitive forms, where actually no relation exists. 
Comparing, for example, Protadjidaumo and Lep¬ 
todontomys (see Plate 14b, e), it seems unlikely that 
the forms now united in the genus Leptodontomys 
represent in North America as well as in Europe 
different lines of eomyids that remained primitive. 

Fahlbusch (1973) considers probable the extrac¬ 
tion of Leptodontomys from the Eomys rhodanicus 
group. He assumes that Leptodontomys originated 


11 In this development of the linguad anterior cingulum Leptodontomys corresponds 
very well with the genus Pseudadjidaumo, introduced by Lindsay (1972). The differ¬ 
ences between the two genera seem too vague, and I am of the opinion that Pseu¬ 
dadjidaumo is a synonym of Leptodontomys. 


in Europe and immigrated to North America in the 
Middle Miocene. In my opinion there is nothing 
against tracing back the descent of Leptodontomys 
to the Eomys rhodanicus group, but for many rea¬ 
sons it seems to me more likely that the American 
Leptodontomys developed independently from the 
European. In Protadjidaumo (see Plate 14e) we 
have an American group to which, although sepa¬ 
rated by a long time interval, Leptodontomys can 
easily be traced morphologically. Among the Upper 
Eocene eomyid materials of the Badwater area 
(Wyoming) there is a form, possibly of the Protad¬ 
jidaumo group, showing a well developed linguad 
anterior cingulum on the upper molars. That this 
cingulum is a primitive feature seems to be corrob¬ 
orated by the very old Eomys teeth from Hoog- 
buitsel clearly showing this feature too. Therefore, 
it seems to me more probable that the dental simi¬ 
larities of European and North American Lepto¬ 
dontomys may be explained in the following way: 
in the Early Tertiary the eomyids immigrated to 
Europe (see Discussion), after having almost cer¬ 
tainly developed in North America from sciuravid 
ancestors. In both continents forms with a very 
primitive dentition similar to the common ancestor 
endured a long time (in America till the Upper Mio¬ 
cene, in Europe perhaps till the Early Pleistocene). 
Fahlbusch (1973) takes this possibility of two in¬ 
dependent lines into consideration also but regards 
the possibility of a migration as more likely. 

Morphological Differences between 
American and European Forms 

A number of differences between forms of the 
two continents reinforced my opinion that in the 
case of Leptodontomys we are dealing with two 
largely independent lines, each of them confined to 
its continent. These are differences in the dentition 
but also in morphology of the lower jaw. I would 
not have attached more importance to the dental 
differences of the dentition than have other authors 
if I had not noticed that exactly those features dif¬ 
fering North American and European Leptodonto¬ 
mys also separate the other eomyids of the two con¬ 
tinents into two groups. Thus, the European 
Leptodontomys in these features links up closely 
with other eomyids from Europe, whereas the 
North American genus in these features corre¬ 
sponds with the eomyids of that continent. For ex¬ 
ample, the exterior synclines of the upper molars 
of most North American eomyids (especially of 
Paradjidaumo and Adjidaumo) reach less far lin- 
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gually than those of European forms (most Eomys 
and especially Ligerimys\ see Plate 13). Connected 
with this, the junction of the anteroloph with the 
protoloph in American forms lies generally in the 
middle of the tooth or somewhat labiad of it, where¬ 
as on upper molars from Europe this junction is 
located more lingually. In these features both Lep- 
todontomys from Europe and those from America 
behave “continent-typically.” The fourth interior 
syncline of the lower premolar and molars is a fur¬ 
ther feature apparently splitting the eomyids of both 
continents into two groups—so far as I have seen 
this syncline is little developed in American 
eomyids (for example, Adjidaumo, Paradjidaumo , 
Aulolithomys , Namatomys , “ Adjidaumo ” quartzi ), 
but on the average distinctly better developed in 
European forms (Plate 14). In this feature Lepto- 
dontomys from North America are clearly different 
from those of Europe. In the development of these 
features the later European forms are possibly more 
primitive, because the oldest known eomyids, those 
from the Badwater Upper Eocene, show a similar 
development in part. 

An essential difference between Leptodontomys 
from North America and Europe appears in the 
lower jaw. Outside of the dentition the lower jaw 
is for the moment the only element in which we can 
compare the Leptodontomys of the two continents. 
These differences, unlike those mentioned above, 
are not found in the other eomyid genera, but they 
do not seem to me to be less important systemati¬ 
cally since the morphology of the lower jaw is oth¬ 
erwise very uniform in this family. 

Differences of the Lower Jaw 

For these comparisons the type of L. oregonensis 
from McKay Reservoir (Oregon) and two mandi¬ 
bles from La Grive were at my disposal (see Fig. 
7). It is immediately apparent that the American jaw 
is more delicate than the European. Above all the 
section between the tip of the masseteric fossa and 
the upper margin of the horizontal ramus is distinct¬ 
ly higher in the specimens from La Grive. In addi¬ 
tion the upper edge of the diastema is more curved 
in the La Grive jaws. Although the La Grive spec¬ 
imens have the upper edge of the anterior part of 
the diastema at the same level as that of the alveoli, 
the same edge on the type specimen from Oregon 
ranges somewhat lower (see projection Fig. 7). Be¬ 
hind M 3 the La Grive jaws show a distinct swelling 
caused by the end of the incisor. This swelling is 
lacking on the Oregon specimen. On the other hand 


the latter mandible shows a ledge extending from 
the base of the ascending ramus to the condyle 
which is lacking on the specimens from La Grive. 
In addition the lower margin of the jaws is curved 
in a different way: in the Oregon specimen the most 
distinct curvature is below M 3 , in the specimens 
from La Grive, further back. 

Possibly the most important difference between 
Leptodontomys from North America and Europe 
is found in the lower incisor. Although the type 
specimen from McKay Reservoir does not show the 
slightest trace of a crenulation, one appears dis¬ 
tinctly on the incisor of Leptodontomys from La 
Grive (see Fig. 8 and Flugueney and Mein, 
1968:196). Such enamel crenulations of the lower 
incisors are known from many eomyids (for exam¬ 
ple, Eomys , Pseudotheridomys) and are, in my 
opinion, important for systematics. In the case of 
Leptodontomys this feature alone seems to justify 
a generic separation for the European species pre¬ 
viously referred to the genus. 

Eomyops, new genus 

Derivatio nominis.—Eomyops = Eomys -like. 

Diagnosis. —Small eomyid with bunodont cheek 
teeth and crenulated lower incisor. Upper molars— 
with well developed linguad anterior cingulum; sec¬ 
ond and fourth exterior syncline mostly extending 
lingually past the middle of the tooth. Mesoloph 
short, somewhat anteriorly directed. On P 4 , M u and 
M 2 , fourth interior syncline well developed. 

Type species.—Eomys catalaunicus Hartenber- 
ger, 1966, from Can Llobateres (Spain). 

Included species.—Eomys catalaunicus Harten- 
berger, 1966; Leptodontomys bodvanus Janossy, 
1972. 

Stratigraphic and geographic range. —Middle 
Miocene (level of Neudorf a.d. March, NMU 6) to 
Lower Pleistocene (Schernfeld bei Eichstatt) of Eu¬ 
rope, from Spain to Czechoslovakia. 

Differential diagnosis. —From Leptodontomys 
Shotwell, 1956, Eomyops is different in—the dis¬ 
tinct crenulation of the lower incisor, lacking on the 
incisor of Leptodontomys ; the more robust and dis¬ 
tinctly higher horizontal ramus of the mandible; in 
addition the mandible of Eomyops shows a swelling 
for the end of the incisor, lacking on the mandible 
of Leptodontomys ; the better developed fourth in¬ 
terior syncline of the lower P, M,, and M 2 ; the ex¬ 
terior synclines of the upper molars extending more 
lingually than on molars of Leptodontomys ; the dif¬ 
ferent course of the anterior branch of the proto- 
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Fig. 7.—a) Leptodontomys oregonensis Shotwell, L mandible (invers) with I and P 4 , (type) UO 3533, McKay Reservoir (Oregon), 
Hemphillian, 15x; b) Eomyops aff. catalaunicus (Hartenberger), L mandible (invers) with M, and M 2 , La Grive (France), Middle 
Miocene, 15x. 


conid and the metalophid, which in Eomyops ex¬ 
tend more or less transversely and form a direct 
junction of proto- and metaconid, whereas in Lep¬ 
todontomys these two lophs extend somewhat for¬ 
ward, joining only on the anterolophid or shortly 
before it. 

From Eomys Schlosser, 1926, Eomyops is differ¬ 
ent in having a linguad anterior cingulum on the 
upper molars; exterior synclines of the upper mo¬ 
lars extending more lingually; the short mesoloph 
of the upper molars, always anteriorly directed. 

From Adjidaumo Hay, 1930, Eomyops is differ¬ 
ent in having a linguad anterior cingulum on the 
upper molars; the better developed fourth interior 
syncline on lower premolar and molars; the position 
of the foramen mentale, located distinctly higher in 
Adjidaumo (see Black, 1965:37, Fig. 6b). 


As to Pseudadjidaumo Lindsay, 1972, see foot¬ 
note 11. 

CoTIMUS, LeIDYMYS, EuMYARION , AND 
Eucricetodon 

(Family Cricetidae Stehlin and Schaub, 1951) 
His tone a I In trodu ction 

In his pioneer work on Tertiary cricetids, Schaub 
(1925) described a hamster from the Swiss molasse 
with the name Cricetodon helveticus He gave 
up the name “ Cricetodon mcdius ” (Lartet, 1851), 
established for a cricetid from Sansan, because no 
type was preserved and because it was impossible 
for him to identify “C. mcdius ” among the three 
medium-sized cricetids from Sansan using the poor 
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diagnosis of Lartet. 12 Fahlbusch (1964) split 
Schaub’s genus Cricetodon and declared C. hel- 
veticus a synonym of C. tnedius Lartet, after having 
found a fragment of a maxillary from Sansan labeled 
with Lartet’s own hand. In addition, he assigned C. 
medius to the American genus Cotimus Black, 
1961. Shortly after doubts were heard about this 
assignment, probably essentially because only the 
type mandible of Cotimus was known (Freuden- 
thal, 1965:297). Thaler (1966) expressed these 
doubts by introducing a new subgenus for the Eu¬ 
ropean species— Eumyarion , later established as a 
genus by Mein and Freudenthal (1971). 

Two facts may contribute something to the so¬ 
lution of the Cotimus problem—first of all (personal 
communication, C. C. Black) the holotype of Co¬ 
timus alicae is not from the Upper Miocene (middle 
or late Barstovian) as initially stated, but from the 
Upper Miocene (middle or late Barstovian) as ini¬ 
tially stated, but from the Lower Miocene (Arika- 
reean). The type originates from a layer possibly 
representing an equivalent of the Gering Formation 
(personal communication, D. Rasmussen). In ad¬ 
dition, Rasmussen found new materials of Cotimus 
at the type locality, among which there was an up¬ 
per jaw. Judging from this jaw, Cotimus is without 
doubt a synonym of Leidymys (Wood, 1936). Even 
if these new discoveries shed new light on the dis¬ 
cussion, the problem of the relations of North 
American and European forms is far from being 
solved. Hitherto lacking in the literature are exten¬ 
sive comparisons of species from both continents. 

Comparisons of Leidymys (=Cotimus Black) 
and Eumyarion (Thaler) 

In spite of the new materials from both continents 
the comparisons are basically still confined to den¬ 
titions. 

Lower dentition. —On the basis of the lower in¬ 
cisor the two forms are easily distinguishable— Lei¬ 
dymys shows a distinctly flattened incisor anteriorly 
with a triangular cross section (see Plate 17e) and 
that of Eumyarion lacks the sharp exterior edge and 
is rather kidney-shaped in cross section. The thin 
enamel coating covers only the anterior surface of 
the incisor of Leidymys (as in Eumys), whereas on 
the incisor of Eumyarion the enamel seems to be 
thicker and extends from the anterior surface nearly 


12 According to Schaub (1925) at the Sansan locality besides C. sansaniensis and 
C. minus, four species of cricetids are present— C. gailiardi, C. affinis, C. kelveticus, 
and C. brevis. As the extensive new materials from Sansan show, C. affinis is lacking 
at this locality. 



Fig. 8.—Comparison of the underside of the left lower incisor 
of a) Leptodontomys oregonensis Shotwell, UO 3633, McKay 
Reservoir (Oregon); b) Eomyops aff. ccitalaunicus (Hartenber- 
ger), NMBS, G.A. 635, La Grive (France). Both figures 25x. 


to the middle of the lateral side of the tooth. The 
enamel stripes on the exterior face show differences 
(see Plate 17e)—the incisor of Leidymys shows 
three stripes of which two are close and somewhat 
lateral of the middle of the anterior face. The incisor 
of Eumyarion , on the other hand, shows only two, 
more separated, stripes. The molars of the two gen¬ 
era are very similar in size, but the lower incisor of 
Eumyarion is distinctly more slender compared 
with that of Leidymys. 

Of the lower molars, M x shows the most distinct 
differences between the two forms—although the 
"Vorjochkante” (Schaub) in Leidymys always ex¬ 
tends from the metaconid to the posterior branch 
of the protoconid (Schaub’s “alte Vorjochkante”), 
it extends in Eumyarion from the metaconid to the 
anterior branch of the protoconid (Schaub’s "neue 
Vorjochkante,” Plate 16a and b). Connected with 
this the two anterior cusps of Eumyarion are more 
alternating than in Leidymys , with the metaconid 
more anteriorly located than the protoconid. The 
two anterior cusps of Mi of Leidymys are less al¬ 
ternating. The great variation of connections of 
both anterior cusps and the anteroconid in all 
species of Eumyarion is very conspicuous (see En- 
gesser, 1972:Figs. 109 and 111), whereas in Leidy¬ 
mys these connections show little variation. 

In M 2 Leidymys is different from Eumyarion in 
sometimes having both the anterior "Vorjoch¬ 
kante” (the "new” one of Schaub) and the poste¬ 
rior (the "old”) one. Such teeth show mostly a 
strong genuine mesostylid spur (see Plate 17d). The 
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mesoconid is generally better developed in Leidy- 
mys than in Eumyarion. Also the metaconid of M 2 
(as of M 3 ) of Eumyarion is joined more closely to 
the anterior cingulum than on M 2 of Leidymys. 

The M 3 of Eumyarion and Leidymys are not very 
different, although that of Eumyarion is more re¬ 
duced. 

Schaub (1925) pointed out the importance of the 
middle spur of the lower molars as a criterion for 
determination of phylogenetic relationships—it 
must be determined whether it is a genuine meso- 
stylid spur originating from the mesoconid or an 
elongated posterior branch of the protoconid 
(“Pseudomesostylidsporn” of Schaub). In this ele¬ 
ment Leidymys differs from Eumyarion only in 
those specimens showing a posterior branch of the 
protoconid extending to the metaconid. In this case 
a strong, genuine mesostylid spur is developed, 
often reaching to the lingual tooth margin (see M t 
of the holotype of Leidymys alicae, Plate 16b). In 
specimens showing a freely terminating posterior 
branch of the protoconid, thus having a “Pseudo- 
mesostylidsporn” (mostly in M 2 and M 3 ), there is 
in Leidymys as well as in Eumyarion no mesostylid 
spur present or only a very small one (see Plate 16a 
and b: E. tnedius and M 2 of the type of L. alicae). 

Some Mj and M 2 of Leidymys (L. alicae and L. 
nematodon) show a freely terminating posterior 
branch of the hypoconid in the fourth exterior syn¬ 
cline. This spur is only rarely found in Eumyarion 
tnedius from Sansan, but more frequently in the 
species E. latior , E. bifidns , and E. leetnanni. 

Upper dentition .—The upper molars of Eumy¬ 
arion are more different from those of Leidymys 
than are the lower. Probably the most conspicuous 
and, for systematic relationships, the most impor¬ 
tant difference appears in the anterocone of M 1 . In 
Eumyarion this anterocone is very wide, mostly 
somewhat bipartite (distinctly bipartite in E. bifi¬ 
dns) and its highest point is in the level of the ex¬ 
terior cusps (Plate 15a). The anterocone of M 1 of 
Leidymys , on the other hand, is distinctly narrow¬ 
er, always one-part and its highest point is between 
the top of the two anterior cusps (Plate 15b). In 
addition, the M 1 of Eumyarion in most species (E. 
latior , tnedius and leetnanni) shows an anterior 
transverse spur (“vorderer Quersporn”), a feature 
which I did not observe in any tooth of Leidymys 
(Plate 17a-c). However, most specimens of Leidy- 
tnys show a freely terminating anterior branch of 
the protoconid. This detail is found in Eumyarion 
too—in E. bifidns and, together with an anterior 


transverse spur, in E. latior (see Engesser, 1972: 
Fig. 106)—but never in E. tnedius. The connection 
of the mesostyle spur with the metacone (Plate 15a) 
is a peculiarity of E. tnedius and is found only rarely 
in other species. 

In Leidymys , the “Vorjochkante” of M 2 leads 
directly to the protocone; in Eumyarion , on the oth¬ 
er hand, it joins the posterior branch of the proto¬ 
cone. The M 2 of Leidymys (L. alicae , not L. ne- 
tnatodon) has a lingual anterior cingulum; one is 
lacking completely in Eumyarion (Plate 15a-c). 

The M 3 of Eumyarion is more reduced than that 
of Leidymys. In Eumyarion the protocone covers 
almost the whole lingual face and the interior syn¬ 
cline is conspicuously shortened in favor of a cen¬ 
tral crater. In Leidymys the M 3 is, compared with 
M 2 , only slightly reduced on its posterior end. It 
has a lingual anterior cingulum in L. alicae (see 
Plate 15b) and relatively well-developed metacone. 

Lower jaw. —In the mandible, the only part of 
these animals other than the dentition that we can 
compare, differences between Eumyarion and Lei- 
dymys can be observed—the anterior part of the 
masseteric fossa, forming a short crista, in Eumy¬ 
arion extends to below the anterior margin of Mj or 
even farther anteriorly. As far as I observed in Lei- 
dytnys , it extends only somewhat beyond the mid¬ 
dle of Mi. On both lower jaws of Leidymys which 
I could compare (L. alicae and L. nematodon) there 
was a second, smaller foramen somewhat above 
and in front of the mental foramen. I never ob¬ 
served such a foramen in Eumyarion. The position 
of the mental foramen seems to be of little use for 
systematics, because the two mandibles of Leidy¬ 
mys having this detail showed different positions of 
it. 

Discussion of the differences. —Most of these dif¬ 
ferences between Leidymys and Eumyarion do not 
seem to be basic, but rather represent different 
levels of similar developments. The “modern’ 1 fea¬ 
tures are without exception allotted to Eumyarion 
(“neue Vorjochkanten,” reduced lingual anterior 
cingulum of M 2 and M 3 , slightly developed meso¬ 
conid of the lower molars, reduced M 3 , and others). 
Leidymys alicae is morphologically more primitive. 

Comparison of Leidymys (=Cotimus) and 
Eucricetodon 

Differences between Eumyarion and Leidymys 
seem to be due to different levels of development. 
However, Leidymys (=Cotimus ) and Eutnyarion 
are not here considered to be congeneric, as pro- 
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posed by different authors. To establish the general 
differences between American and European forms 
it is necessary to compare Leidymys with a more 
or less contemporary cricetid such as Eucricetodon 
eollatus (see Plates 15c and 16c). In E. collatus fea¬ 
tures are found again which showed Leidymys to 
be more primitive as compared with Eumyarion — 
“Alte Vorjochkanten” of Mb and M 2 , lingual ante¬ 
rior cingulum of M 2 and M 3 , well-developed meso- 
conid on the lower molars. On the other hand, there 
are differences between Leidymys and Eucriceto¬ 
don too—as in most Oligocene cricetids of Europe 
(exceptions, Paracricetodon and Heterocriceto- 
don ), E. collatus shows a distinctly more reduced 
M 3 than Leidymys (see Plate 15b and c). The an- 
terocone of M 1 in many species of Eucricetodon 
(especially in E. atavus and E. huerzeleri) shows 
a tendency to become wider and to develop two 
peaks , not present in Leidymys. The lower incisor 
of Eucricetodon is distinctly more slender than that 
of Leidymys and its cross section is not triangular 
but rather drop-shaped (see Plate 17e). The enamel 
of the lower incisor of Eucricetodon extends more 
to the lateral face than in Leidymys. In addition, 
the incisor of Eucricetodon lacks the ledge on the 
lateral face, typical for Leidymys (and Eumys) and 
its enamel is thicker. In regard to these features of 
the incisor, Eucricetodon fits closer to Eumyarion 
than to Leidymys. The enamel stripes of the exte¬ 
rior face of the incisor seem less significant for these 
comparisons because they show a great variation in 
the different species of Eucricetodon. The same 
applies to the upper incisor showing, according to 
Wood (1937:257), stripes in Leidymys lockingtoni- 
anus. Certain species of Eucricetodon have striped 
upper incisors (for example, E. collatus ), whereas 
others do not (for example, E. huberi ). 13 In spite of 
these differences the dental similarities of Eucrice¬ 
todon and Leidymys are striking. Vianey-Liaud 
(1972) raised the question whether Eucricetodon 
and Leidymys should be united in the same genus. 
Besides the differences mentioned above, I oppose 
such a union for other reasons. Certainly by Ari- 
kareean (or “Aquitanian") times, Leidymys as well 
as Eucricetodon had had a long separate evolution; 
Leidymys in North America being known since the 
Whitneyan (L. vetus ), Eucricetodon in Europe 


13 The value of such features of the incisor for the systematics is for the moment 
difficult to estimate. It is impossible to decide whether the incisor differences between 
these species indicate heterogeneity of the genus Eucricetodon , or whether these 
features vary even in closely related species and therefore are less useful for system¬ 
atics. The heterogeneity of this group was pointed out by Thaler (1966:140) in intro¬ 
ducing the new subgenus Eucricetodon. 


since the lower Middle Oligocene {E. atavus). 
Wood (in Clark et al., 1964) traces the descent of 
Leidymys back to the Eumys group against which, 
in my opinion, there are no objections, because a 
form known as L. vetus seems to occupy an inter¬ 
mediate position between Eumys and Leidymys. 
The lower incisor of the latter with its nearly tri¬ 
angular cross section, the distinct exterior edge and 
the very thin enamel coat is very similar to that of 
Eumys. Both Eumys and Leidymys represent prim¬ 
itive forms, possibly resembling a common ances¬ 
tor. This becomes evident by a comparison with 
Simimys from the Uintan (Upper Eocene), the ear¬ 
liest known cricetid (if it is really a cricetid!). Tak¬ 
ing a look at Plates 15 and 16, it becomes obvious 
how widespread this tooth pattern is and over what 
a long time it held out, changing only in slight de¬ 
tails. On these plates, forms are figured from the 
range between Orellan (Middle Oligocene) and Mid¬ 
dle Miocene which are intended to point out how 
similar all these forms are, although coming from 
different continents and ages. As observed by other 
authors (among others, Schaub, 1925), some Recent 
cricetids of Madagascar show a similar tooth pat¬ 
tern. This resemblance easily could be dismissed as 
pure convergence, if the lower incisors did not 
show exactly the same two enamel stripes as, for 
example, Eumyarionl 

In summary, Eumyarion , Leidymys (=Cotimus), 
Eucricetodon , and Eumys represent forms showing 
a very primitive tooth pattern and are therefore dif¬ 
ficult to differentiate from each other on the basis 
of the dentition. The teeth may be throughout suf¬ 
ficient for differentiation of species and for deter¬ 
mination of the evolutionary level, but for recon¬ 
struction of intercontinental relationships we need 
more complete remains. 

Democricetodon and Copemys 
(Family Cricetidae) 

History of Investigations 

Fahlbusch (1964) divided the genus Cricetodon 
and united Schaub’s species brevis , affinis , and 
gaillardi in the new genus Democricetodon. Influ¬ 
enced by the great dental similarity of Democrice- 
todou and the American genus Copemys (Wood, 
1936), Fahlbusch (1967) proposed that Democrice¬ 
todon be regarded henceforth only as a subgenus of 
Copemys. This generic assignment did not meet 
with unanimous approval. In their new classifica- 
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tion of the Tertiary cricetids from Europe, Mein 
and Freudenthal (1971) argued for a generic sepa¬ 
ration of Cope my s and Democricetodon . This sep¬ 
aration was substantiated above all by differences 
in the position and form of the incisive foramen. 
The same authors (1971:31-32) assigned Democri¬ 
cetodon to the subfamily Cricetinae (Murray, 1866), 
whereas they considered possible an affiliation of 
Copemys to the subfamily Hesperomyinae (Mur¬ 
ray, 1866). 

Comparisons 

Because the dentitions of Copemys and Demo¬ 
cricetodon were already compared extensively by 
Fahlbusch (1967), 1 can confine my statement to a 
few details. The dentitions of some species of De¬ 
mocricetodon and Copemys resemble each other to 
such a degree that—as Lindsay (1972) wrote—even 
a specific distinction would be difficult, if they were 
found at the same locality. The only general differ¬ 
ence between the forms of the two continents that 
I see can be observed on M 3 —in all species of Co¬ 
pemys whose M 3 1 know, this tooth is more reduced 
than in all species of Democricetodon (see Plate 
18). This reduction affects not only the posterior 
half of the tooth, as is usual on M 3 of many other 
cricetids, but all elements except the protocone. 
Outside of this difference all details of the pattern 
typical for Democricetodon appear in the different 
species of Copemys —the short anteroconid of M b 
the anterior transverse spur of M 1 , the spur in the 
exterior syncline of the lower molars. 

Authors such as Fahlbusch (1967) and Lindsay 
(1972), arguing for a generic union of Copemys and 
Democricetodon , were apparently guided by the 
close similarities of the dentitions. But according to 
Mein and Freudenthal (1971:30)—and I agree in this 
respect with these authors—the dentition of the cri¬ 
cetids is perfectly useful for the distinction of dif¬ 
ferent species, but not for the proof of phylogenetic 
relations above the species level. Mein and Freu¬ 
denthal supported their opinion that the dental sim¬ 
ilarities of Copemys and Democricetodon have to 
be traced back to parallelism and that the two gen¬ 
era very probably belong to two different subfami¬ 
lies (Hesperomyinae and Cricetinae), based on dif¬ 
ferences in the skull and skeleton. For the following 
reasons I do not agree in all points in this argument: 
these two authors attach great systematic impor¬ 
tance to the position and shape of the incisive fo¬ 
ramen. They state (1971:28) that Democricetodon , 


with its short incisive foramen with a posterior mar¬ 
gin located anterior to the anterior end of M 1 , is a 
representative of the Cricetinae. The incisive fora¬ 
men of Copemys , on the other hand, continues be¬ 
tween the upper molars as typical for the Hesper¬ 
omyinae. The systematic value of this foramen 
seems to me somewhat doubtful, because in many 
cricetids it exhibits considerable variation—on cer¬ 
tain skulls of Eumys elegans (AMNH collections) 
the posterior margin of this foramen occurs on the 
level of the anteroconid of M\ but in many speci¬ 
mens assigned to the same species it is placed clear¬ 
ly more anteriorly (see Wood, 1937:P1. 32). In the 
only skull of Copemys known to me in which the 
incisive foramen can be observed (Lindsay, 
1972:Fig. 45), the foramen ends about at the level 
of the anterior margin of M 1 . In Peromyscus, which 
developed almost certainly from Copemys , the pos¬ 
terior margin of this foramen is placed distinctly 
anterior to the anterior end of M 1 . Mein and Freu¬ 
denthal assign Democricetodon to the subfamily 
Cricetinae and give at the same time a provisional 
diagnosis of this subfamily based on the skeleton 
and skull. According to this diagnosis the mandible 
of Democricetodon is inclined lingually very dis¬ 
tinctly, so that it is impossible to see the mental 
foramen in occlusal view. In addition, the humerus 
of Democricetodon shows an entepicondylar fora¬ 
men. As to these two features, it can be said that 
the mandible of Copemys is actually less inclined 
lingually than that of Democricetodon , but also the 
humerus of Copemys shows an entepicondylar fo¬ 
ramen (this knowledge I owe to Everett Lindsay, 
who kindly gave me a cast of a Copemys humerus). 

For the moment it seems extreme to draw phy¬ 
logenetic conclusions on the basis of these differ¬ 
ences or similarities. According to Romer (1949) the 
entepicondylar foramen is a primitive feature and 
also occurs in other genera of cricetids (for exam¬ 
ple, Fahlbuschia ). 

Although questioning the value of the criteria 
mentioned by Mein and Freudenthal, for the follow¬ 
ing reasons I still hold that Copemys and Democri¬ 
cetodon , in spite of the similarities of the dentition, 
need not be closely related: as we can suppose for 
good reasons, probably all species of Democrice¬ 
todon (as well as those of Rotundomys and Ko¬ 
walski a) developed from a small and very primitive 
Lower Miocene form, which could have been 
closely connected with Demoricetodon minor fran- 
conicus from Erkertshofen (see Plates 18b and 


1979 


ENGESSER—MIOCENE INSECTIVORES AND RODENTS 


33 


19b). 14 Likewise it can be supposed that all North 
American species of Copemys descend from a 
primitive ancestral form, which might have been 
similar to C. pagei or C. tenuis (see Lindsay, 
1972:77). 

These most primitive known forms of both con¬ 
tinents—C. pagei or C. tenuis, and D. minor —are 
very similar dentally (see Plates 18 and 19). This 
similarity led several authors to consider that both 
genera must be regarded as immigrants, descending 
from a common, probably Asiatic, ancestral form. 

To me it is very strange that the evolved forms 
from North America and Europe, which can be de¬ 
rived with great probability from the primitive ones, 
look again very similar to each other. This similarity 
goes so far that, for example, Copemys russelli or 
C. barstowensis show exactly the same details in 
the dentition as are typical for Democricetodon 
gaillardi —the long mesolophs or mesolophids, the 
anterior transverse spur of the exterior syncline of 
the lower molars, the start of a labial posterior cing¬ 
ulum of and M 2 , and others (see Plates 18c and 
19c). Even the bend of the “Vorjochkante” and the 
“Nachjochkante” of the lower molars, typical for 
Democricetodon gaillardi , can be observed in cer¬ 
tain forms of Copemys (see Shot well, 1967/?: Fig. 
6A). This certainly parallel evolution of the De¬ 
mocricetodon and Copemys groups continues in the 
Pliocene—on both sides of the Atlantic forms de¬ 
velop showing a bipartite division of the anterocone 
of M\ a reduction of the posteriormost exterior 
syncline of the upper molars, and distinctly ante¬ 
riorly directed “Jochkanten” of the lower molars 
(for example, Peromyscus pliocaenicus in North 
America, Rotundomys and Kowalskia in Europe). 
How can these similarities be explained? 

1) Migration? The fact that we do not know direct 
ancestors either of Copemys or of Democricetodon 
is for many authors proof that both genera were 
“immigrants.” This statement is extreme because 
there is no known representative from an earlier 
deposit than Barstovian. The statement that the 
morphological similarities of the evolved forms 
from both sides of the Atlantic were caused by 


14 According to Mein and Freudenthal (1971:28), Democricetodon from Villafeliche 
II A (NMU 4) and Erkertshofen (NMU 4) represent the oldest forms of the genus and 
they comply with all requirements which could be made for an ancestor of all later 
forms. The form of Villafeliche seems to me to comply better with these requirements 
because it shows an entoconid on M 3 , in contrast to that from Erkertshofen (see 
Freudenthal, 1963:112). Nevertheless, I selected the form from Erkertshofen as an 
example for a primitive species (see Plate 18b and 19b), because no original materia! 
from Villafeliche was available to me. 


another “immigration wave” does not seem very 
probable to me, because, as mentioned above, an 
origin from the more primitive forms on both sides 
of the Atlantic can be demonstrated with some de¬ 
gree of certainty. 

2) Parallel evolution? However closely related 
Democricetodon and Copemys might be, wheth¬ 
er—as Mein and Freudenthal believe—on the level 
of the subfamily at best, or—as Fahlbusch and 
Lindsay state—on the level of the genus, certain 
parallel developments, at least for the evolved 
forms, can hardly be denied. To seek the reason for 
these parallelisms in the same environmental con¬ 
ditions is not reasonable at present, because the 
functional significance and with it the selective val¬ 
ue of these details of the tooth pattern are not 
understood. 

3) Completely independent development? It is 
questionable whether Copemys could have devel¬ 
oped completely independently of Democriceto¬ 
don . Wood (in Clark et al., 1964) supposed Cope¬ 
mys to have arisen from the Leidymys group. 
However, Copemys was at that time much less 
completely known than at present and its generic 
union with Democricetodon had not yet been dis¬ 
cussed. In any case, the possibility can not com¬ 
pletely be excluded that both genera developed in¬ 
dependently since the Oligocene, that Copemys 
consequently could have descended from Leidymys 
and Democricetodon from an Oligocene cricetid 
from Eurasia. 

4) Common ancestral form? I incline toward the 
opinion that Democricetodon and Copemys de¬ 
scended from a common, probably Asiatic, ances¬ 
tral form, and developed for some time in parallel. 
An interpretation of the similarities as pure conver¬ 
gence seems to me to be hardly possible. Even if 
we are not fully aware of the reasons leading to 
parallelisms, we should in no case underestimate 
the extent of similarities and morphological corre¬ 
spondences caused by such parallelisms. As far as 
systematic position is concerned, it is appropriate 
to leave Democricetodon and Copemys as two dif¬ 
ferent genera. For the solution of this problem it is 
not so important in which geological stage the two 
lines converge, whether in the Upper Miocene or 
at an earlier level. Rather more important to me is 
the fact that starting from primitive forms there ap¬ 
peared evolutionary lines on both sides of the At¬ 
lantic, even if they enter upon the same ways. This 
fact justifies, in my opinion, a generic separation in 
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cases like this one, where for the present the dif¬ 
ferent forms can hardly be distinguished. 

Plesiosminthus 

(Family Zapodidae Coues, 1875) 

History of Investigations 

The genus Plesiosminthus was introduced by 
Viret (1926) for a form from St-Gerand-le-Puy ( P. 
schaubi). Schaub, having recognized one year prior 
the affiliation to the Sicistinae of a tooth formerly 
identified as cricetid, described in his monograph 
(1930) on fossil Sicistinae two new species from the 
European Miocene and Oligocene ( P. myarion from 
Chavroches and P. prornyarion from Rickenbach). 
The first American sicistine was described as 
Scliaubeumys grangeri by Wood (1935*7), but this 
form was long regarded as a cricetid. Galbreath 
(1953) described a Plesiosminthus- like form from 
Quarry A (Martin Canyon, Colorado) but had some 
doubts about the generic assignment and called the 
form Plesiosminthus ? clivosus. Black (1958) had 
the same doubts and proposed assigning P.l cli- 
vosus to the American genus Scliaubeumys as he 
did the new species S. sabrae from the Miocene of 
Split Rock (Wyoming). Wilson (1960), describing 
the fourth American species (S. galbreathi from 
Quarry A), considered Scliaubeumys as a subgenus 
of Plesiosminthus. He united the species S. gran¬ 
geri, sabrae , and galbreathi in the subgenus Schau- 
beumys , whereas he incorporated the species cli¬ 
vosus together with the three European species in 
the subgenus Plesiosminthus. Likewise he consid¬ 
ered the Mongolian genus Parasminthus Bohlin, 
1946, as a subgenus of Plesiosminthus. Finally, 
Klingener (1966) described a form from the Valen¬ 
tine Formation of Nebraska (Upper Miocene) 
which he assigned to the genus ^Plesiosminthus , 
and introduced the giant form Megasminthus ti¬ 
ll eni. 


Comparisons of American and 
European Forms 

The fact that several species of Plesiosminthus 
are known from each continent (three from Europe, 
four from America) makes it difficult to establish 
the common features of one group and to compare 
them with the characteristics of the group of the 
other continent. Larger sized teeth are common to 
all American forms, compared with the European. 
This is not surprising, since most American species 
are distinctly younger than the European. How¬ 
ever, Scliaubeumys grangeri from the lower Rose¬ 
bud—the earliest American zapodid—is, according 
to the current stratigraphic correlations, the same 
age or even somewhat older than the middle "Aqui¬ 
tanian” P. myarion from Chavroches (NMU 2a) 
but still distinctly larger than this one. 

As several authors have shown, the forms of both 
continents resemble one another morphologically. 
In spite of extensive comparisons, I found no gen¬ 
eral morphological differences, but only quantita¬ 
tive ones. Thus, on Mi of European species the 
ridge extending anteriorly from the mesolophid al¬ 
most always joins the protoconid, whereas in Amer¬ 
ican forms this ridge extends straight anteriorly to¬ 
ward the anteroconid and contacts the ridge 
connecting protoconid and metaconid (see Fig. 9a- 
g). Only in the type jaw of S. grangeri does Mj 
appear in this feature like the European forms (Fig. 
9f). As an additional difference on M h the hypo- 
conulid and mesoconid of American species gen¬ 
erally seem to be better developed than in Euro¬ 
pean. Likewise the protoconule of M 1 of American 
species seems to be more accentuated than in M 1 
from Europe, where this cusp is often completely 
lacking (see Fig. 9h-l). On M 1 the "Vorjochkante” 
of many American specimens extends from the 
paracone to the mesoloph, whereas on all Euro¬ 
pean specimens 1 compared, the "Vorjochkante” 


Fig. 9.—a-b) Plesiosminthus myarion Schaub, LM,, NMBS, Chr. 761 and Chr. 759, Chavroches (France), Early Miocene (Aquitanian); 
c-d) Plesiosminthus schaubi Viret, LM^ NMBS, Bst. 8838 and Bst. 8840, Coderet (France), Uppermost Oligocene; e) Scliaubeumys 
sabrae Black, LMj, CM 15854, Split Rock, Fremont Co., Wyoming, Hemingfordian; f) Schaubeumys grangeri Wood, LM,, AMNH 
13757 (invers), (type). Potato Creek, Pine Ridge, South Dakota, Lower Rosebud (Arikareean); g) Megasminthus tiheni Klingener, 
LM,, CM 18855 (invers), Verdigre Quarry, Knox Co., Nebraska, Valentine Fm. (Late Miocene); h) Plesiosminthus myarion Schaub, 
LM 1 . NMBS, Chr. 778 (invers), Chavroches (France), Early Miocene (Aquitanian); i) Plesiosminthus schaubi Viret, LM 1 , NMBS. 
Bst. 690(invers), Coderet (France), Uppermost Oligocene; j) Schaubeumys sabrae Black, LM 1 , CM 15854 (invers). Split Rock, Fremont 
Co., Wyoming, Hemingfordian; k) Schaubeumys grangeri Wood, LM 1 , AMNH 13757, Potato Creek, Pine Ridge, South Dakota, Lower 
Rosebud (Arikareean); 1) Megasminthus tiheni Klingener, LM 1 , CM 18864, Verdigre Quarry, Knox Co., Nebraska. Valentine Fm. 
(Late Miocene). All figures 25x. 
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a b 

Fig. 10.—a) Plesiosminthus myarion Schaub, LM‘, NMBS, Sau. 3901, Saulcet (France), Early Miocene (Lower Aquitanian); b) 
Schaubeurnys sabrae Black. LM 1 , CM 15854, Split Rock, Fremont Co., Wyoming, Hemingfordian. Both figures 40x. 


joined with the posterior branch of the protocone. 
There seems to be a difference in the metacone of 
M\ and connected with this in the third exterior 
syncline—in American forms the metacone is a ro¬ 
tund cusp in occlusal view and on its lingual side 
the “Nachjochkante" sets on abruptly. This ex¬ 
tends as a posteriorly bent, delicate ridge to the 
hypocone. The metacone of European forms is a 
rather elongated cusp, gradually passing into the 
hardly bent “Nachjochkante" (see Fig. 10). Final¬ 
ly, P 4 shows some differences—European species 
show only a wreath of little developed, small cusps, 
whereas in American species a relatively distinct 
anterior main cusp can be observed, surrounded by 
two or three side-cusps (see Plate 20a-b). 

Even if none of the differences mentioned alone 
furnishes a criterion for distinguishing the groups of 
both continents, the total differences seem to be of 
some value for systematics. It is very interesting 
too that all mentioned features of the American 
forms appear again and in a higher degree in the 
dentition of the Late Miocene zapodid Megasmin- 
thus tiheni from the Nebraska Valentine Formation 
(see Fig. 9g and 1). This fact suggests a close phy¬ 
logenetic connection among American forms. 

Discussion 

As the above comparisons show, the American 
and European zapodids, united by many authors in 
the genus Plesiosminthus , are so similar to each 
other that—as Wilson (1960:86) pointed out—it is 
difficult to find constant differences. Once more the 
question arises how these similarities could origi¬ 


nate. Wilson (1960:86) explained them by close phy¬ 
logenetic relations, uniting the species of both con¬ 
tinents in the same genus and stating that he was 
guided chiefly by two considerations—he found no 
distinct morphological differences to separate P . 
clivosus , P. schauhi , and P. myarion ; secondly, P . 
divosus is not the only mammal from Quarry A to 
show close relationship with European forms. As 
Wilson stated elsewhere (1960:21), the morpholog¬ 
ical similarities are more readily explained by k ‘in¬ 
termigration' ’ than by parallelisms. 

At what point of time did this “intermigration" 
take place? In a publication on the intercontinental 
correlations of the Miocene Wilson (1968) suggests 
for Plesiosminthus a “Burdigalian" immigration 
from Eurasia. This is an interesting interpretation 
considering that most American species first ap¬ 
pear, according to the current correlations, some¬ 
what after the latest European forms. Besides this 
the American forms are more advanced than the 
European. One fact, however, seems to contradict 
a “Burdigalian" immigration—the earliest Ameri¬ 
can species, S. grangeri , is known from the lower 
Rosebud, which, according to most correlations, is 
pre-“Burdigalian." It seems possible that the Ple¬ 
siosminthus group could have divided very early, 
perpaps in the Eocene or the Lower Oligocene and 
that the different lines did not develop in their den¬ 
tal morphology very far from the common ancestral 
form. It does not seem likely to me that these sim¬ 
ilarities between American and European Plesios¬ 
minthus are the result of pure convergence. The 
tooth pattern of this group is without any doubt a 
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Fig. 11.—The position of the posterior edge of the incisive foramen with regard to the P 4 . a) Plesiosminthus myarion Schaub, NMBS, 
Chr. 797, Chavroches (France); b) Plesiostninthus schaubi Viret, NMBS, Bst. 8856, Coderet (France); c) Plesiosminthus myarion 
Schaub, NMBS, Sau. 3899, Saulcet (France), if: posterior edge of the incisive foramen, P 4 : alveolus of P 4 . All figures 12x. 


very primitive one, and even if parallelism were in¬ 
volved, similarity in these primitive forms (Wilson, 
1949:23; Schaub, 1934:24) would indicate much 
more for the degree of relationship than in highly 
specialized forms, which in certain circumstances 
can reflect convergence from different evolutionary 
lines. 

Simimys from the Sespe Eocene of California, 
whose systematic position is not yet clear, possibly 
could furnish an indication for early division of the 
zapodids. Even if Simimys cannot be considered as 
an ancestor of Plesiosminthus because of certain 
specializations, it still demonstrates that apparently 
in the Eocene in America forms existed that had a 
Plesiosminthus-like tooth pattern. 

Another suggestion for an early division within 
the zapodids is furnished by Parcisminthus from the 
Upper Oligocene of Mongolia (Bohlin, 1946), which 
besides many dental features common with the Eu¬ 
ropean Plesiosminthus shows some distinct differ¬ 
ences. 15 The more or less contemporaneous occur¬ 
rence of Plesiosminthus and Parcisminthus indicates 


15 The most important difference between Parasminthus and Plesiosminthus seems 
to be the lack of a groove in the upper incisors of the former. Wood (19356:225-226), 
who considered it possible that there is a single gene governing grooving or absence 
of grooving in heteromyid incisors, pointed out that the presence or absence of the 
groove is a systematic character of generic rank. 


that at least in the Upper Oligocene of Eurasia two 
groups of forms existed. 

As a final indication for early division within this 
group, the great variation undergone by the incisive 
foramen should be considered. Whereas in Schau- 
beumys sabrae (Black, 1958:Fig: 1A), Parasmin¬ 
thus tangingoli (Bohlin, 1946:Fig. 2/8), and Plesios¬ 
minthus myarion from Chavroches (see Fig. 11a), 
the posterior edge of this foramen is on the level of 
the anterior edge of P 4 , in S. clivosus and S. gal- 
breathi (Wilson, 1960:Figs. 126 and 128) it reaches 
the level of mid-P 4 , and in P. schaubi , the level of 
the anterior edge of M 1 (see Fig. 1 lb). As far as the 
position of this foramen is concerned, there are dis¬ 
tinct differences between the forms from Chavroch¬ 
es and from Saulcet, both assigned to the species 
P. myarion by Schaub—in the form from Saulcet 
the posterior edge of the foramen reaches the level 
of the middle or the posterior edge of P 4 ; in the 
Chavroches form the foramen ends distinctly an¬ 
terior to P 4 (Fig. 12a and c). 16 Could it be possible 
that this variation indicates the existence of differ- 


16 At first sight it seems possible to explain the different positions of the posterior 
edge of the foramen incisivum in the forms from Branssat, Saulcet, and Chavroches 
as different phases in one advancing process. Because in such Recent zapodids as 
Sicista and Zapus, the foramen incisivum reaches farther back than in the Branssat 
form (that is. to the level of the protocone of M 1 ), this possibility becomes less prob¬ 
able. 
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Fig. 12.—a) Plesiosminthus myarion Schaub, LM 2 , NMBS, Sau. 3983, Saulcet (France), Early Miocene (Lower Aquitanian); b) 
Eumyarion medius (Lartet), LM 2 , NMBS, Ss. 6721, Sansan (France), Middle Miocene; c) Plesiosminthus myarion Schaub, LM 2 , 
NMBS, Sau. 3913, Saulcet (France), Early Miocene (Lower Aquitanian); d) Eumyarion hifidus (Fahlbusch), LM 2 , BSPM 1952 XIV 89, 
Giggenhausen (Germany), Middle Miocene. All figures 40x. 


ent lines, which are not distinguishable on the basis 
of the dental morphology? 

The tooth type of Plesiosminthus , let us call it 
the “cricetoid” one, demonstrates for what long 
spaces of time such primitive tooth patterns can be 
maintained essentially unchanged and how slightly 
significant for systematics it is, as shown even in 
the Eocene with the dentition of Simimys , in the 
Oligocene with Plesiosminthus , certain cricetids 
and eomyids, and in the Upper Miocene, for ex¬ 
ample, in Eumyarion. Certain teeth of Eumyarion 
—especially M 2 , M 3 , M 2 , and M.-,—are barely dis¬ 
tinguishable from corresponding teeth of Plesios¬ 


minthus (see Fig. 12, notice especially the double 
^Vorjochkante'’ of M 2 of both forms). 

Summarizing, based on currently known speci¬ 
mens, correspondence of American and European 
Plesiosminthus can be explained as well as the re¬ 
sult of an early zapodid division with little further 
morphological development as by a Burdigalian fau¬ 
nal exchange. Therefore and because of morpho¬ 
logical differences, I propose to leave the Ameri¬ 
can, Asiatic, and European species in the three 
separate genera, until we know more about the phy¬ 
logenetic relations within this group. 
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DISCUSSION 


In the preceding systematic section I tried to ap¬ 
proach the problem of the relations between North 
American and European Miocene mammal faunas 
from a point of view different from that of most of 
my colleagues. At present there is much discussion 
of “migrations/’ which centers on the question of 
which groups passed from one continent to the oth¬ 
er at what time and by which way. I have tried to 
show that outside of the “migration theory”— 
which actually is still a theory-there are other pos¬ 
sible explanations for the often astonishing similar¬ 
ities of forms between the northern continents. Of 
course I am not the first to have envisaged other 
possibilities than “migration.” Wilson (1960:21), 
for example, in discussing insectivores of Europe 
and North America, considered parallel evolution 
as a possibility besides “migration,” although he 
did prefer the latter interpretation. Simpson (1947: 
622, footnote) mentioned the possibility of conver¬ 
gence: “It is a conceivable alternative that some 
taxonomic groups are morphological but not phy¬ 
logenetic and that they arose independently on the 
two continents. This has been claimed for many 
groups, but, if true at all, it must (in my opinion) 
be highly exceptional and can be ignored in an over¬ 
all view.” 

I agree with Simpson that pure convergence, that 
is, development of a similar charcter in groups not 
closely related, is very unlikely, at least in the cases 
examined here. Nevertheless, this possibility can¬ 
not be excluded completely in forms with very poor 
records on both continents. Thus, in the case of the 
Miocene “sciuropterans” of California, it cannot 
be ruled out that these animals do not belong to the 
Sciuridae, and that we could be dealing with pure 
convergence. But in the other genera investigated 
it can hardly be contested that the forms were re¬ 
lated at least at the family level. 

Accordingly, the following alternatives remain to 
explain morphological similarity of forms from both 
continents: 

1) the spread of similar forms to the other conti¬ 
nent ( = “migration”); 

2) the spread of ancestors of similar looking forms 
from one continent to other, with 

a) following parallel evolution over greater or 
lesser time periods, or 

b) further development and conservation of 
certain primitive features over greater or lesser pe¬ 
riods. 


Common to all these alternatives is occurrence 
in each case of intercontinental dispersal. Differ¬ 
ences between the alternatives concern only the 
point in phylogenetic history at which these spreads 
occurred. 

My investigations of the genera treated in the sys¬ 
tematic section suggest that possibilities 2a and 2b 
are more plausible than generally supposed. 

Migration 

The most popular current explanation for mor¬ 
phological similarities of forms from different con¬ 
tinents is that of “migration.” The use of the term 
“migration” implies probably that one understands 
the possibilities of a spread (what it is actually) 
much more extensively and also considers regions 
as passable, as long as they were more or less ice- 
free and relatively dry. However, using the term 
“migration” one has probably automatically in 
mind the migration of lemmings and birds of pas¬ 
sage, that is, situations in which the animals are 
under a certain pressure and probably pass through 
areas not completely corresponding with their eco¬ 
logical needs. 

In this connection it is much better to use the 
term “spread” which implies that the animals ex¬ 
pand their range and open up new living space, and 
under normal conditions, they are subject to no 
pressure. (It can happen of course, that, for ex¬ 
ample by overpopulation, a certain pressure can 
arise, which can induce the animals to colonize 
areas not wholly suitable. However, such a pres¬ 
sure in my opinion would not persist as long as 
necessary, to overcome such enormous distances 
as in the present case.) 

As to Neogene faunal exchange, 1 have some 
doubt with regard to the forms studied. Most cur¬ 
rent authors consider the Bering land bridge as an 
ideal spread route for land mammals (see Beringia 
History, 1973). There is evidence from several 
fields (paleobotany, malacology, sedimentology) 
that during the Tertiary there were repeated land 
connections across the Bering Strait. Investigations 
of large mammals especially suggest that this land 
bridge was utilized again and again (see H. Tobien. 
L. K. Gabunia, I. M. Novodvorskaya, N. M. Ya- 
novskaya, and others, in Beringia History, 1973). 
Recent investigations show that during the Neogene 
certainly not a tropical or subtropical climate pre¬ 
vailed in the Bering area, but a best a temperate 
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one. This is compatible with the view of S. F. Biske 
and Yu. P. Baranova (/'// Beringia History, 1973) 
that in the Oligocene and Miocene a change from 
a warm temperate to a cold temperate climate took 
place. In the Asian part of Beringia, a forest tundra 
appeared in the Middle Miocene and an alpine tun¬ 
dra was characteristic of the close of the Miocene. 
According to these and other investigations, essen¬ 
tially coinciding with each other, I see some diffi¬ 
culties for dwellers of tropical or subtropical forest 
areas, as many of the small mammal forms studied 
probably are, to colonize and pass through areas 
like Beringia. Simpson (1947) took into consider¬ 
ation the possibility that the spread of certain forms 
undergoes a delay by such climatic and ecologic 
barriers, that is, until a form adapted to the envi¬ 
ronment in question is developed. This is accept¬ 
able, but logically one should go beyond this, sup¬ 
posing that the “migrants” redeveloped a form 
adapted to the colonization of the warm areas in 
Middle Europe and North America. This seems 
very unlikely to me. With regard to the spread of 
tropical or subtropical animals, Simpson (1947:651) 
takes the view: “In any event, and contrary to what 
seems to be a widespread impression (e.g., 
J. W. Gregory, 1930), there is no evidence from the 
mammals that any truly tropical or subtropical an¬ 
imals ever migrated between Eurasia and North 
America and it is even dubious whether any spe¬ 
cifically warm temperate groups made this jour¬ 
ney.” Thus we have to determine whether the 
forms studied here were actually dwellers of such 
warm climates. The ecologic and climatic ties of 
most of the 10 genera are not clear for the present. 
However, if conclusions from modern faunas are 
permissible, at least the fossil sciuropterans and 
Lanthanotheriwn , having Recent relatives mainly 
inhabiting tropical forest areas, may have lived un¬ 
der similar conditions. In addition we know that in 
the Miocene of Middle Europe there was a distinct¬ 
ly warmer climate than today and the same is ap¬ 
plicable to the corresponding areas of North Amer¬ 
ica (for example, the “Gray-beds” of Cuyama 
Valley in California, where four of the 10 genera 
are found). Very probably, Lanthanotherium and 
the sciuropterans were forest dwellers too, possibly 
also Plesiosorex and the Heterosoricinae, for their 
remains are mainly found together with typical for¬ 
est faunas, and partly in lignites. In localities with 
typical steppe faunas, they are either very rare or 
are completely lacking. For such dwellers of warm 
forest biotopes the Bering area with its tundras cer¬ 


tainly represented a virtually unsurmountable bar¬ 
rier, at least during the Neogene. However, this is 
not incompatible with inhabitants of temperate or 
cold climates having crossed the Bering area. 

A further weak point in the theory of the Late 
Tertiary faunal exchange across Beringia is that this 
theory, at least as far as small mammals are con¬ 
cerned, is not strengthened by any evidence from 
eastern Asia. Certainly, there are well-documented 
Oligocene faunas known from the Hsanda Gol For¬ 
mation in Mongolia (Matthew and Granger, 1923; 
Mellett, 1968) and from Taben-buluk in Kansu 
(Bohlin, 1942-1946). These faunas contain forms 
related to European and North American ones (for 
example, Cricetops , Parasminthus, Eumys , Am- 
phechinus , Cylindrodontidae) but they do not fur¬ 
nish any indication of an intercontinental faunal ex¬ 
change, for they are largely endemic. It may be 
argued that if migrations occurred, the migrants 
may have passed south or north of Mongolia. In my 
opinion, for climatic and ecological reasons the 
southern route may have been more advantageous 
for Oligocene and Miocene animals. If we want di¬ 
rect mammal paleontological evidence for such ex¬ 
change, we have to look for Oligocene and Miocene 
mammals in southern Asia—in India, Burma, 
southern China, or perhaps in Indonesia. However, 
assuming such a southern distribution route, it be¬ 
comes difficult to explain how the animals could 
pass over a land bridge situated so far north as the 
Bering bridge! 

Doubts with respect to the Late Tertiary spread 
of mammals across Beringia are also based on the 
lack of fossil mammal remains in northern areas 
such as Siberia, Alaska, and northern Canada. As 
already mentioned, I cannot visualize such a spread 
as unidirectional, therefore, I suppose that animals 
able to pass over a land bridge as far north as the 
Bering bridge would have been living also in other 
northern areas. 

No fewer problems arise assuming a post-Eocene 
faunal exchange over a northern Atlantic bridge. 
Because we have new evidence from continental 
drift, this theory has lost ground, although some 
authors still prefer the route across the northern 
Atlantic to that across the Bering Strait. Recently 
Strauch (1970) and Zhegallo (Beringia History, 
1973) pleaded for the transatlantic route. In my 
opinion, this theory has the same handicaps as that 
of the spread over the Bering bridge—a northern 
Atlantic bridge would be equally situated very far 
north, and also from this area any fossil evidence 
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is lacking. Furthermore, according to the newest 
paleomagnetic evidence, a direct land connection 
between Europe and North America after the Low¬ 
er Eocene (from about 47 million years ago) is very 
doubtful. 

The doubts advanced so far regarding intercon¬ 
tinental faunal exchange referred mainly to the cli¬ 
mate and ecology of the distribution routes. I have 
also some doubts concerning the methods applied 
in mammal paleontology—the assumption of close 
relation of forms of both continents and the conclu¬ 
sions deduced from this that "migrations” have oc¬ 
curred are based above all on comparisons of den¬ 
titions. In my own investigations, several examples 
demonstrated that for determining phylogenetic re¬ 
lations, the dentition alone cannot be trusted ab¬ 
solutely. Of course, completely new problems arise 
here, because many fossil mammals are known by 
their dentition alone. As shown above, parallelism 
and the conservation of primitive features over a 
long period must considered. Therefore, the for¬ 
merly generally used dictum—"What is not distin¬ 
guishable morphologically is closely related”— 
must be questioned. This principle may be valid in 
cases in which we can compare more complete re¬ 
mains, such as skulls or skeletons, but has to be 
applied with extreme caution if we do not have any¬ 
thing but teeth to compare. As in the case of "Co- 
timus ” close phylogenetic relations often have to 
be disproved when more complete remains become 
known. Therefore it is indispensable that in paleon¬ 
tology of mammals, and especially of small mam¬ 
mals, we try to compare other structures besides 
the dentition. 

Especially in earlier literature, the possibility of 
rafting was considered (Schlosser, 1911; recently 
also Lavocat, 1973). A typical example of this kind 
of spread was the recolonization of the volcanic is¬ 
land Krakatau. Rafting may be effective for cross¬ 
ing of an arm of the sea or from one island to 
another. For the spread from one continent to 
another, this possibility can be dropped, in my 
opinion, because the chance that a single individual 
survives such a long transport is extremely small, 
not to mention the number of individuals necessary 
to build up a population. 

Parallel Evolution 

To show parallel evolution conclusively is in 
most cases very difficult, and extensive fossil ma¬ 
terial should be available. But as many animals 
show, parallelism is not so rare and in many cases 


can produce astonishing correspondence of form. 
If morphological similarities can result from con¬ 
vergence in not-related forms, logically even more 
surprising similarities can be developed in related 
forms. As Wood (1947) stated convincingly, the 
chance of parallel evolution is greater in groups 
having specialized very early—for example, ro¬ 
dents or the Heterosoricinae—than in less special¬ 
ized groups. With specialization, the spectrum of 
evolutionary possibilities is restricted, and the 
probability increases that the same development 
occurs two or more times. 

Subsequent Adaptation and Trends 

It is commonly assumed that identical or similar 
environmental conditions requiring a similar adap¬ 
tation are important for the occurrence of parallel¬ 
ism. So, for example, the increasing hypsodonty in 
cricetids of the North American as well as of the 
European Upper Miocene and Pliocene, is probably 
connected with spread of the steppe environment 
in these areas. Such functional adaptations are not 
difficult to recognize as parallelism in most cases, 
for example, the jumping mouse type within the ro¬ 
dents (see Thenius, 1972:Fig. 3) or the fossorial 
type of rodents, insectivores, and marsupials. 

When working on this paper, I was also faced 
with cases that I interpret as parallelism and in 
which the functional significance of a feature oc¬ 
curring in different groups cannot be understood 
easily. I found such strange phenomena in Detno- 
cricetodon and Copemys and in Plesiosorex . One 
might ask again, are such parallelisms traceable to 
evolutionary trends? ("Trends” in the sense that 
the possibility for evolution in a certain direction 
can be hereditary.) I am aware of the danger of 
being branded as a partisan of an orthogenesis-the¬ 
ory. However, 1 do not intend to interpret any di¬ 
rection into the evolutionary process. I only want 
to consider the possibility of evolutionary trends to 
explain such cryptic parallelism in related groups, 
for the sake of discussion. 

Conservation of Primitive Features 

It is conspicuous that most of the small mammals 
from Europe and America studied here, which are 
usually placed in the same genus, have a primitive 
tooth pattern. In this category belong especially the 
bunodont eomyids, Cotimus , Eumyarioti , the sciu- 
ropterans, Lanthanotherium, the Heterosoricinae, 
and Plesiosorex . In some of these cases the possi¬ 
bility of a "migration” cannot be completely ex- 
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eluded, but it seems more probable that the simi¬ 
larities between the pairs from the two continents 
result from conservation of certain primitive fea¬ 
tures. The group of Eomys , Leptodontomys , Pro- 
tadjidenuno , and Eotnyops in which the same tooth 
type was conserved from the Upper Eocene to the 
Pleistocene, or that of Leidymys , Eitmys , and Ew- 
myarion , in which the time range of this tooth pat¬ 
tern goes from the Middle Oligocene to the Upper 
Miocene, demonstrate over what long time periods 
a tooth pattern can be retained basically unchanged. 
In my opinion this possibility of long-range conser¬ 
vation of a tooth pattern is underestimated by col¬ 
leagues, who consider as “immigrants” forms 
“suddenly” appearing in a layer without immedi¬ 
ately earlier ancestral forms being known. This 
view overestimates very much the completeness of 
the available fossil record. As innumerable exam¬ 
ples demonstrate, the fossil documentation of most 
mammal groups is incomplete. In addition, it should 
be considered that for animals that were rare in 
their lifetime or that lived in an area unsuitable for 
fossilization, there is scarcely a chance that their 
remains are ever found. 

If one attempts to explain the similarities of Neo¬ 
gene mammals of North America and Europe as I 


did in the preceding part by parallel evolution or by 
conservation of primitive features, one also has to 
consider how the ancestors of these similar forms 
managed the trip from one continent to the other. 
Supposing an Early Tertiary faunal exchange some 
difficulties arise because according to present gen¬ 
erally accepted opinion such an exchange across 
the Atlantic was not possible after the Early Eocene 
(McKenna, 1973). Because Europe and Asia were 
separated by the Turgai Straits marine barrier 
(McKenna, 1975) until the beginning of the Oligo¬ 
cene, and Eocene faunal exchange between North 
America and Europe via Asia was also hardly pos¬ 
sible. However, it is conceivable that forms having 
reached Asia during the Eocene got to Europe after 
the disappearance of the Turgai barrier. Because 
we know very little at present about Tertiary faunas 
from Asia, it is also possible to suppose that some 
of the groups studied here had their center of evo¬ 
lution in Asia and spread from there to Europe and 
North America. There is nothing to object to an 
Early Tertiary spread across the Bering Strait be¬ 
cause it can be considered certain that the Early 
Tertiary climate of the Bering area was much warm¬ 
er than in the Neogene. 


CONCLUSIONS 


Investigation of 10 small mammal genera osten¬ 
sibly occurring in North America as well as in Eu¬ 
rope demonstrates that generic equivalence is very 
questionable, and that in three cases ( Litnnoecus , 
Leptodontomys , “ Cotimus ”) is apparently incor¬ 
rect, because important morphological differences 
between American and European forms can be 
found. In other cases these generic unions could 


not be disproved, but the insufficient documenta¬ 
tion renders them dubious. Dental remains alone 
are often inadequate for illuminating phylogenetic 
relationships. Further, it becomes apparent that not 
all similarities between forms of both continents can 
be explained by “migrations” and that other pos¬ 
sibilities, especially parallelism and conservatism, 
are more important than usually assumed. 
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CAPTIONS FOR PLATES 

Plate 1.—a) Lanthanotherium sansaniense Filhol; LM ] -M 3 , M 1 : NMBS, Ss. 846, M 2 : NMBS, Ss. 862, M 3 : 
NMBS, Ss. 6723; Sansan, France; Middle Miocene, b) Lanthanotherium sawini James; LM ! -M 3 , M 1 : UCMP 
50122, M 2 : UCMP 66779, M 3 : UCMP 54600 (invers); loc. V-5847, Big Cat Quarry, Ventura Co., California 
(M 1 and M 2 ); loc. V-5656, Hedgehog locality (M 3 ); Early Clarendonian. c) Lanthanotherium sanmiqueli 
Villalta & Crusafont; LM^M 3 , M 1 ; NMBS, C. LI. 25, M 2 : NMBS, C. LI. 26 (invers); M 3 : Coll. E. Heiz- 
mann, Stuttgart B 12; Can Llobateres, Spain; Late Miocene, d) Hylomys suillus dorsalis Thomas; LM ! -M 3 , 
NMBS 8892; Northern Borneo; Recent. All figures 15x. 

Plate 2.—a) Lanthanotherium sansaniense Filhol; LMj-M 3 , NMBS, Ss. 6727-29; Sansan, France; Middle 
Miocene, b) Lanthanotherium sawini James; LM 2 -M 3 (invers) UCMP 54594; loc. V-5666, Kent Quarry, 
Cuyama Valley, California; Barstovian. c) Ocajila makpiyahe Macdonald; LM 2 -M 3 , SDSM 56105; loc. 
V-5360, Wounded Knee Area, South Dakota; Sharps Fm. (Early Arikareean). d) Lanthanotherium sanmi- 
gueli Villalta & Crusafont; LMj-Mg, NMBS, C. LL 28-30; Can Llobateres, Spain; Late Miocene, e) Hy¬ 
lomys suillus dorsalis Thomas; LM^M^, NMBS 8892; Northern Borneo; Recent. All figures 15x. 

Plate 3.—a) Meterix sp.; LP 4 -M 2 (invers), UNSM 1410-47, Ft-40; Frontier, Nebraska; Kimball Fm. (Plio¬ 
cene). b) Plesiosorex coloradensis Wilson; LP^M^ KU 9989 (type); Quarry A, Martin Canyon, Colorado; 
Hemingfordian. c) Plesiosorex schaffneri Engesser; LP 4 -M 3 (invers), NMBS, Al. 149 (type); Anwil, Swit¬ 
zerland; Middle Miocene, d) Plesiosorex cf. soricinoides (Blainville); LP 3 -M 3 , FSL 4428; Chaveroche, 
France; Early Miocene (Middle Aquitanian). All figures 15x. 

Plate 4.—a) Meterix sp.; LP 4 -M 2 (invers), UNSM 1410-47, Ft-40; Frontier, Nebraska; Kimball Fm. (Plio¬ 
cene). b) Plesiosorex coloradensis Wilson; LP^M^ KU 9989 (type) and LM 2 (invers) KU 10001; Quarry 
A, Martin Canyon, Colorado; Hemingfordian. c) Plesiosorex schaffneri Engesser; LMj-M 3 (invers), NMBS, 
Al. 149 (type); Anwil, Switzerland; Middle Miocene, d) Plesiosorex cf. soricinoides (Blainville); LP 3 -M 3 , 
FSL 4428; Chaveroche, France; Early Miocene (Middle Aquitanian). All figures 15x. 

Plate 5.—a) Plesiosorex styriacus (Hoffman); LM b NMBS, OSM 312 (invers); Riimikon, Canton of Zurich, 
Switzerland; Middle Miocene, b) Plesiosorex sp.; LM^ BSPM, 1926 I 81 (invers); Grosslappen, Germany; 
Middle Miocene, c) Plesiosorex schaffneri Engesser; LM 1 , NMBS, Al. 145 (invers); Anwil, Canton of 
Baselland, Switzerland; Middle Miocene, d) Plesiosorex coloradensis Wilson; LM 1 , KU 9990 (invers); Quar¬ 
ry A, Martin Canyon, Colorado; Hemingfordian. e) Meterix sp.; LM 1 , OU 22326 (invers); Ove, Quartz 
Basin, Oregon; Barstovian. All figures 15x. 

Plate 6.—a) Dinosorex sansaniensis (Lartet); LP 4 -M 3 , NMBS, P 4 : Ss. 901 (invers), M 1 : Ss. 6687, M 2 : Ss. 
899, M 3 : Ss. 6724; Sansan, France; Middle Miocene, b) Pseudotrimylus roperi (Wilson); LP 4 -M 3 , P 4 : KU 
10013, M^M 2 : KU 10018, M 3 : KU 10016; Quarry A, Martin Canyon, Colorado; Hemingfordian. c) Domnina 
sp.; LM ] -M 3 (invers), CM 10853; South of Reva Pass, Slim Buttes, Harding Co., South Dakota; Oligocene. 
All figures 20x. 

Plate 7.—a) Pseudotrimylus roperi (Wilson); LM r M 3 , KU 10020; Quarry A, Martin Canyon, Colorado; 
Hemingfordian. b) Dinosorex zapfei Engesser; LM!-M 3 , (type), NHW, 1975/1712/1; Neudorf a.d. March, 
CSSR; Middle Miocene, c) Dinosorex huerzeleri Engesser; LM,~M 3 , (type), MO, Rb. 101; Rickenbach, 
Canton Solothurn, Switzerland; Late Oligocene. d) Pseudotrimylus sp.; LM!-M 2 , CM 10922; Lawson Ranch, 
Goshen Co., Wyoming; Lower Orellan(?). e) Domnina sp.; LMj-M 3 , CM 10403; Pipestone Springs, Jef¬ 
ferson Co., Montana; Chadronian. f) Quercvsorexprimaevus (Filhol); LM r M 2 (invers), (type), MHNP, Qu. 
8681; Lamandine (Quercy); Middle Ofigocene(?). All figures 20x. 

Plate 8.—a) Dinosorex sansaniensis (Lartet); L mandible with I, -M 3 , NMBS, Ss. 603; Sansan, France; 
Middle Miocene, b) Pseudotrimylus roperi (Wilson); L mandible with I, Mj-M 2 , KU 10030; Quarry A, 
Martin Canyon, Colorado; Hemingfordian. c) Pseudotrimylus roperi (Wilson); L mandible with Mi-M 3 , KU 
10020; Quarry A, Martin Canyon, Colorado; Hemingfordian. All figures 8x. 
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Plate 9.—a) Petauristodon mathewsi (James); LM ! -M 2 , UCMP 55514; loc. 5847, Cuyama Valley, California; 
Early Clarendonian. b) Prosciurus sp.; LP 3 -M 2 , CM 9316; North of Pipestone Springs, Montana; Chadron- 
ian. c) Forsythia gaudryi (Gaillard); LM 1/2 , FSL 65433; La Grive, France; Middle Miocene; LM 1/2 , NMBS, 
Al. 225; Anwil, Switzerland; Middle Miocene, d) Miopetaurista alhanensis (Major); LP^-M 1 , NMBS, Al. 
215-217; Anwil, Switzerland; Middle Miocene. All figures 15x. 

Plate 10.—a) Petauristodon mathewsi (James); LP 4 -M 2 (invers), UCMP 54516; loc. V-5662 Cuyama Valley, 
California; Late Clarendonian. b) Proseiurus sp.; LP 4 -M 3 , CM 9321; Pipestone Springs, north of tracks, 
Montana; Chadronian. c) Forsythia gaudryi (Gaillard); LM, and M 3 , Al. 222 and Al. 223, NMBS; Anwil, 
BL, Switzerland; Middle Miocene, d) Plesiospennophilus angustidens Filhol; LP 4 -M 3 , Q. U. 273, NMBS; 
Quercy, France; Oligocene. All figures 15 x. 

Plate 11.—a) Pseudotheridomys sp.; LP 4 -M 3 , NMBS, P 4 : G.B. 251, M 1 : G.B. 266, M 2 : G.B. 272 (invers), 
M 3 : G.B. 278; Estrepouy, France; Early Miocene, b) Pseudotheridomys parvulus Schlosser; LP 4 -M 3 , 
NMBS, P 4 : C.G. 646, M 1 : C.G. 849, M 2 : C.G. 850, M 3 : C.G. 838; Laugnac, France; Early Miocene, c) 
Pseudotheridomys aff. parvulus Schlosser; LP 4 -M 3 , NMBS, P 4 : Sau. 4271, M J -M 2 : Sau. 3703, M 3 : Sau. 
4162: Saulcet, France; Early Miocene, d) Pseudotheridomys pagei Shotwell; LP 4 -M 3 , P 4 : UO 22720, M 1 : 
UO 22710, M 2 -M 3 : UO 24414; Quartz Basin, Oregon; Barstovian. e) Pseudotheridomys hesperus Wilson; 
LP^M 1 , KU 10200 (invers) and KU 10201 (invers); Quarry A, Martin Canyon, Colorado; Hemingfordian. 
All figures 30x. 

Plate 12.—a) Pseudotheridomys sp.; LP 4 -M 3 , NMBS, P 4 : G.B. 221, M,: G.B. 228, M 2 : G.B. 234, M 3 : G.B. 
233; Estrepouy, France; Early Miocene, b) Pseudotheridomys parvulus Schlosser; LP 4 -M 3 , NMBS, P 4 -M 2 : 
C.G. 436, M 3 : C.G. 861; Laugnac, France; Early Miocene, c) Pseudotheridomys aff. parvulus Schlosser; 
LP 4 -M 3 , NMBS, P 4 -M 2 : Sau. 4974, M 3 : Sau. 4170 (invers); Saulcet, France; Early Miocene, d) Pseudothe¬ 
ridomys pagei Shotwell; LP^Ma, U.O. 22708; Quartz Basin, Oregon U.O. loc. 2465; Barstovian. e) Pseu- 
dotheridomys hesperus Wilson; LP 4 -M 2 , KU 10195 (type); Quarry A, Martin Canyon, Colorado; Heming¬ 
fordian. All figures 30x. 

Plate 13.—a) Eomyops eatalaunicus (Hartenberger); LP 4 -M 2 , NMBS, P 4 : C. LI. 1, M 1 : C. LI. 3 (invers), 
M 2 : C. LI. 2; Can Llobateres, Spain; Late Miocene, b) Leptodontomys sp.; LP 4 -M 2 , P 4 : U.O. 24852, M 1 : 
U.O. 24849, M 2 : U.O. 25285; Black Butte, Oregon; Clarendonian. c) Eomys zitteli Schlosser; LP 4 -M 2 , P 4 : 
CM 24100, M 1 : CM 24101, M 2 : CM 24099; Gaimersheim, Germany; Late Oligocene. d) Adjidaumo minimus 
(Matthew); LP 4 -M 2 (invers), NMNH 186671; South Fork of Lone Tree Gulch. Natrona Co., Wyoming; 
Early Oligocene. e) IProtadjidaunio typus Burke; LM 1/2 (invers), CM 9955; Lapoint, West of Vernal, Utah; 
Duchesne River Fm.; Late Eocene. All figures 30x. 

Plate 14.—a) Eomyops eatalaunicus (Hartenberger); LP 4 -M 3 , NMBS, P 4 : C. LI. 4, M,: C. LI. 5 (invers), 
M 2 : C. LI. 6, M 3 : C. LI. 7 (invers); Can Llobateres, Spain; Late Miocene, b) P 4 : Leptodontomys oregonensis 
Shotwell; UO 3633 (invers), type, McKay Reservoir, Oregon; Hemphillian. Mj-M 3 : Leptodontomys sp.; 
M,: UO 25283, M 2 : UO 25278, M 3 : UO 25274 (invers); UO loc. 2500, Black Butte, Oregon; Clarendonian. 
c) Eomys zitteli Schlosser; LP 4 -M 3 , CM 24094; Gaimersheim, Germany; Late Oligocene. d) Adjidaumo 
minimus (Matthew); LP 4 -M 2 (invers), CM 9213; Pipestone Springs, Montana; Chadronian. e) P rot adjidaumo 
typus Burke; LP 4 -M 2 , CM 11931; Lapoint, West of Vernal, Utah; Duchesne River Fm., Late Eocene. All 
figures 30x. 

Plate 15.—a) Eumyarion medius (Lartet); LMj-M 3 (invers), NMBS, Ss. 665; Sansan, France; Middle Mio¬ 
cene. b) Leidymys ( =Cotimus ) alieae (Black); LM r M 3 (invers), KU 18395; Cabbage Patch, Montana; Early 
Arikareean. c) Eucricetodon collatus (Schaub); LM r M 3 , NMBS, Bd. 40; Boudry II, NE, Switzerland; 
Early Aquitanian. All figures 30x. 
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Plate 16.—a) Eumyarion niedius (Lartet); LMj-Ma, NMBS, Ss. 669; Sansan, France; Middle Miocene, b) 
Leidymys (=Cotimus) alicae (Black); LM r M 3 , (type), CM 8868; Flint Creek, Montana; Early Arikareean. 
c) Eucricetodon collatus (Schaub); LM,-M 3 , NMBS, Pa. 13196; Paulhiac, France; Early Aquitanian. d) 
Eumys sp.; LM^Mg, CM 9711; Warbonnet Creek, Sioux Co., Nebraska; Oreodon Beds (Orellan). All figures 
30x. 

Plate 17.—a ) Leidymys sp.; LM 1 , KU 1808; Cabbage Patch, Montana; Middle Arikareean; 30x. b) Leidymys 
alicae (Black); LM 1 , KU, without number; Cabbage Patch, Montana, horizon 58-2; Early Arikareean; 30x. 
c) Eumyarion niedius (Lartet); LM 1 , NMBS, Ss. 6722; Sansan, France; Middle Miocene, d) Leidymys sp.; 
LM 2 (invers), KU 1833; Cabbage Patch, Montana, horizon MV 6504 SQ; Middle Arikareean; 30x. e) Un¬ 
derside of left lower incisors of (1) Leidymys alicae (Black) KU 18394 Cabbage Patch, Montana; (2) Eu¬ 
myarion niedius (Lartet), NMBS, Ss. 669; Sansan, France; (3) Eucricetodon collatus (Schaub) NMBS, Cod. 
188 Coderet, France; 15x. 

Plate 18.—a) Deniocricetodon gaillardi (Schaub); LM'-M 3 (invers), NMBS, Ss. 676; Sansan, France; Middle 
Miocene, b) Deniocricetodon minor franconicus Fahlbusch; LM^M 2 , NMBS, Erk. 7-8; Erkertshofen, Ger¬ 
many; Lower Miocene, c) Copemys russelli (James); LM’-M 3 (invers), UCMP 55507; loc. V-5847, Big Cat 
Quarry, Cuyama Valley, California; Early Clarendonian. d) Copemys tenuis Lindsay; LM 1 , UCMP 75367; 
loc. V-65134, Barstow Fm., Southern California; Barstovian. All figures 30x. 

Plate 19.—a) Deniocricetodon gaillardi (Schaub); LMj-M 3 , NMBS, M,-M 2 : Ss. 682, M 3 : Ss. 6730; Sansan, 
France; Middle Miocene, b) Deniocricetodon minor franconicus Fahlbusch; LMi-M^ NMBS, Erk. 4-6; 
Erkertshofen, Germany; Lower Miocene, c) Copemys barstowensis Lindsay; LMx-M 2 , Mj: UCMP 74415, 
M 2 ; UCMP74457; loc. V-5501 and V-5253 Barstow Fm., California; Barstovian. d) Copemys tenuis Lindsay; 
LM^ UCMP 74511; loc. V-65150 Barstow Fm., California; Barstovian. All figures 30x. 

Plate 20.—a) Schaubeumys sabrae Black; LP 4 -M 2 , CM 13529; Split Rock, Fremont Co., Wyoming; Hem- 
ingfordian. b) Plesiosminthus schaubi Viret; LP 4 -M 2 , NMBS, Bst. 8832; Coderet, France; Uppermost Oli- 
gocene. c) Schaubeumys sabrae Black; LM 1 -M 2 , CM 14774; Split Rock, Fremont Co., Wyoming; Heming- 
fordian. d) Plesiosminthus schaubi Viret; LM r M 2 , NMBS, Bst. 8837; Coderet, France; Uppermost 
Oligocene. All figures 40x. 
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Plate 7. 
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